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ABSTRACT
The synthesis and  characterization of chitin analogs based  on water 
soluble am ino cellulose derivatives are  described. This family of derivatives 
exhibits properties suitable for applications a s  biodegradable carriers for 
pharm acons and  agricultural chemicals, and production of high molecular 
weight polymeric quaternary salts. The chemical and physical properties of 
the group of amino cellulose derivatives prepared from the amidation of 
methyl carboxymethyl cellulose or the aminolysis of cyanoethylated cellulose 
with different diam ines a re  analyzed. Converting the carboxy-methyl cellulose 
to a  methyl e s te r  produces a  derivative more receptive to amidation. W hen 
the  methyl carboxyl-methyl cellulose is treated with an  excess of diamines, 
RNH(CH2)xNR'R” w here R,R',R"=H, CH3 , w ater soluble aminoamide
cellulose derivatives a re  obtained. The aminoalkyl carbamoyl cellulose 
derivatives may be further reacted with epichlorohydrin and dimethylamine to 
prepare polyquatem ary ammonium salts (polyquats) which can act a s  
flocculating agents. W e have also used  the procedure to introduce amine 
term inated polyoxyalkylene grafts (Jeffamines) onto carboxymethyl cellulose 
or cyanoethyl cellulose. The graft copolymers should exhibit enhanced  
polymer-polymer interactions between cellulose and plastics and thus could 
serve a s  compatibilizers for cellulosic blends.
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CHAPTER ONE.
SYNTHESIS AND CHARACTERIZATION OF 
AMINOALKYLCARBAMOYLMETHYL CELLULOSICS
1.1 In troduction
It is well-known that the introduction of amino groups onto cellulose 
increases the antibacterial and antimicrobial activity of textiles, a s  well a s  the 
affinity towards certain dyes . 1 As quaternary ammonium salts, they are  
considered antistat agents, increase static resistance by absorbing water. In 
biological system s, the cell wall is known to be negatively charged, therefore 
the cationic cellulosics can be  used a s  targeted polymer carriers.
Pharm acons or agricultural chemicals can be attached either through covalent 
bonds or ionic interactions . 2-6
Amino-cellulose derivatives can be used a s  macroinitiators in the 
preparation of block and graft copolymers with polypeptides. The resulting 
biodegradable copolymer would afford interesting biocom posites that would 
be able to simulate the behavior of proteoglycans and glycoprotein. The 
cellulosic biocomposites could also function a s  im m unoadsorbents, gels for 
affinity chromatography, and cell separators .7' 13
Proteoglycans and glycoproteins a re  natural copolymers of 
polysaccharides and polyamino acids that are  widely distributed in nature . 6 6  
The num ber of carbohydrate units per unit length of the protein backbone 
distinguishes proteoglycans, which contain carbohydrates a s  the predominant
1
moiety, from glycoproteins, which contain proteins a s  the predom inant moiety. 
There are  probably more natural protein chains that contain covalently bound 
carbohydrates than proteins without carbohydrates. The carbohydrate chain 
of glycoproteins is proposed to be involved in important biological functions. 
T hese  include stabilization of protein conformations, protection against 
proteolysis, and classification of human blood types. In biological specificity 
at the cell surface, carbohydrate moieties may be involved in adhesion, 
communication recognition, antigenic specificity, and regulation of cell growth. 
Proteoglycans are  among the essential building blocks of m acromolecular 
framework of connective and other tissu es . 14"16
1.2 Chitin
Chitin 1.1 is the second most abundant polysaccharide and  is widely 
distributed in nature. It can be found in mushrooms, yeast, and  the outer 
shells of insects and crustaceans . 17 Chitin in its natural form is very insoluble 
and unreactive which limits its potential applications. Conversion of chitin to 
the amino analog, chitosan, affords a more reactive derivative. Chitosan is 
the deacetylated derivative that is prepared by treating chitin with acid 
followed by a  vigorous basic amidolysis. The procedure c a u se s  extensive 
degradation of the polysaccharide backbone . 16-21 Alternatively, chitin 
composite analogs can be prepared from cellulose derivatives. Completely 
biodegradable graft copolymers of cellulose and polypeptides could serve a s  
drug delivery system s or a s  calcium binding matrices for prosthetic devices.
3CHoOH NHCCHq CH2OH
HQ
HO
HONHCCH NHCHoOH
1.1
Composites of chitin 1.2 consist of chitin-polypeptides or proteins and 
an inorganic filler, calcium carbonate. Physical characterizations of the chitin 
com posites have shown that the 3  form of chitin asso c ia tes  with protein. The 
proteins adopt an antiparallel p shee t conformation. The chitin polymer is 
oriented approximately perpendicular to the protein-polypeptide chains 
forming a  crossed chain construction which en h an ces  the strength of the 
matrix. The ultrastructure of the matrix is a  micromesh network of dense  
calcium carbonate grains united by short, straight, and  thin organic connects. 
The sh ee ts  of the matrix a re  com posed of several different layers of mainly 
soluble acidic constituents and  the core com prises a  thin layer of chitin 
sandwiched between two thicker layers. Chemical characterization of the 
chitin-protein com posites reveals two distinct structural units: a) an  acidic 
polypeptide fraction with a  strong calcium affinity and  b) a  high molecular 
weight chitinoproteic complex called a  carrier protein with no affinity for 
calcium arranged in the form of sh e e ts . 21'23
4R (PROTEIN)
HN OH
CHoOH
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1.2
There a re  several potential sites in polysaccharide polymers w here covalent 
binding could occur. Analysis of polysaccharide and poly(aminoacid) 
copolymers reveals that catechol and  histidine m oieties a re  involved in 
connecting the polypeptide to the carbohydrate 1.2. Combined 13C and 1SN 
NMR studies provide insight on the function of natural polymer-protein 
complex, a s  well a s  the structural linkage betw een protein and chitin . 18,21'23 
The combination of polypeptides and polysaccharides generated  a  
remarkably strong, completely biodegradable matrix for insect and  crustacean 
exo skeletons. Synthetic variations of th ese  com posites may exhibit 
properties suitable for application a s  biodegradable carriers for pharm acons 
and agricultural chemicals, biom em branes, and  chiral adsorben ts for optical 
resolution . 18
1.2.1 Am ino Chitin D erivatives
Carefully controlled deacetylation of chitin produces a  w ater soluble 
chitosan 1.3 containing approximately fifty percent primary amino functional 
groups. Since primary am ines are  known to be initiators for the ring opening 
polymerization of am ino acid N-carboxy anhydrides (NCA’s), the deacetylated 
chitin can serve a s  a  polyinitiator for NCA graft copolymerization .24
Graft polymerization of y-methyl-L-glutamate NCA onto 50% 
deacetylated w ater -soluble chitin w as carried out in aqueous medium to give 
polypeptide chains of different lengths (Schem e 1.1). Hom ogeneous 
conditions afforded relatively high grafting efficiencies leading to the 
formation of low DP (<6 ) side  chains. The resulting copolymers w ere 
insoluble in w ater but they did swell in m-cresol. Hydrolysis converted the 
es te r groups 1.4 of the graft copolymers to carboxyl groups 1.5, which 
rendered the po!y(glutamic a c id ) derivative w ater soluble . 25
Partially deacetylated chitin readily initiates reactions of BLG-NCA and 
d/-alanine-NCA under heterogeneous conditions a t room tem perature, 
particularly if the reaction is allowed to proceed for a  week. The graft 
copolymers have different swelling properties than the original chitin. The 
efficiency of the  graft polymerization w as directly proportional to the amino 
content of the chitin. T he grafted peptide chains averaged  about six amino 
acid residues .25 Under similar reaction conditions, partially deacetylated 
chitin w as suspended  in DMSO and stirred with /V-carboxy-L-glutamic acid
S ch em e 1.1. Graft copolymerization of y -methyl-L-glutamate NCA onto 
water soluble partially deacetylated chitin
NHCCHo CH2OHCHoOH
NHNH
CH2OH
NH(COCHNH)^ CH2OH
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m
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anhydride benzyl e s te r  to give copolymers useful a s  im m unosorbents and 
stationary p h ases  in chrom atographic purification of enzym es . 26 
1.3 C ellu lose
Cellulose 1.6 is a  natural polymer that consist of p-1,4 D-glucose 
molecules. The num erous hydroxyl groups undergo extensive intra- 
intermolecular hydrogen bonding which m akes it a  stiff-rodlike polymer. 
Cellulose in its m ost natural forms contains both amorphous and  crystalline 
regions which affects its reactivity. Generally, reactions occur in the  
am orphous regions first. However, the numerous hydroxyl groups m ust be 
activated before becoming sufficiently reactive nucleophiles . 27,30
OH
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1.6
The applications and  properties of cellulose derivatives a re  greatly 
influenced by the d eg ree  of substitution along the cellulose chain. The 
degree of substitution is defined a s  the average number of hydroxyl groups 
that have been  substituted on the anhdroglucose unit. There are  th ree 
hydroxyl groups located a t the  C2, C3, C6  positions on the anhydroglucose 
1.7. The C2 and C3 hydroxyl groups are  secondary alcohols and  the  C6  is a
8primary alcohol. The hydroxyl groups exhibit different rates of reactivity 
depending upon the reagent. W hen cellulose undergoes the esterification 
reaction it w as found that the C6>C2,C3 and for etherifications C2>C6>C3 
position .27*30
HO
OH
1.7
Cellulose derivatives can be divided into four general categories: (1) 
inorganic ester, (2) organic esters, (3) cellulose ethers, and  (4) cellulose graft 
copolymers. The inorganic cellulose esters, cellulose nitrate, cellulose sulfate 
and cellulose phosphate are prepared by treating cellulose with nitric acid, 
sulfuric acid, or phosphoric acid, respectively. Cellulose nitrate, known a s  
nitrocellulose, is the oldest cellulose derivative (Schem e 1.2 ) . 27*30
S chem e 1.2. Nitrocellulose
Cell-(OH) 3 + HN03 -------- ► Cell(0H)2 -0 N 0 2
Nitrocellulose is used in lacquers, explosives, propellants and plastic films. 
Cellulose sulfates can be used  a s  food thickeners, viscosity modifiers for 
drilling muds, and in textile sizing. Cellulose phosphates are  of interest 
b ecause  of their inherent flame resistance and  ion exchange capacity. 
Cellulose phosphate sodium salt is u sed  in the  treatm ent of kidney stones 
b ecause  of its affinity toward calcium . 27-30
T he organic es te rs  a re  prepared through the condensation of the 
num erous hydroxyl groups of cellulose with acid chlorides, anhydrides, 
organic acids. T h ese  a re  the therm oplastic celluloses that a re  known for their 
toughness, surface gloss, sm oothness, and  clarity. Cellulose ace ta te  is the 
most widely used  of the cellulose es te rs  (Schem e 1.3 ) . 27'30
S ch em e  1.3 Cellulose A cetate
CelKOH ) 3 + CH3CO2H -------- ► Cell(0H)2 - 0 2CCH3
The cellulose ethers a re  generally the w ater soluble or organic soluble 
cellulose derivatives. They a re  prepared via nucleophilic substitution reaction 
under alkaline conditions. T he m ost important commercially available 
cellulose ethers, such a s  carboxymethyl cellulose (CMC), methylcellulose 
(MC), hydroxyethyl cellulose (HEC), and  hydroxypropyl cellulose (HPC) are 
prepared by this method (Schem e 1.4 ) . 27*30 T he Michael addition is used to 
prepare cyanoethylated cellulose and  carbamoyl cellulose by treating 
cellulose with acrylonitrile or acrylamide.
The cellulose ethers can  function a s  thickeners, flow control agents, 
suspending aids, protective colloids and  binders a s  well a s  find application a s  
films and thermoplastics. Cellulose e thers a re  nontoxic to humans, animals, 
and ecological system s . 27*30
1.3.1 Am ino C ellu lo se  D erivatives
The introduction of amino groups onto the cellulose molecules
increases the reactivity of the molecule by forming a cellulosate macroinitiator
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S ch em e 1.4. Cellulose Ethers
Cell-(OH)3+ CICH2C 0 2* Na+
NaOH
Cell(0H)2 -CH2C 0 2‘ Na+ CMC
NaOH
Cell-(OH ) 3 + CH3CI Cell(OH)2 -OCH3 MC
Cell (OH) 3  + CH2 CH2  NaOH Cell (OHh OCH2 CH2OH HEC
0
NaOH Cell (OHb OCH2 CH(OH) CH3 HPC
0
suitable for further derivatisation .31-36 Amino cellulosics have found 
applications a s  immunoadsorbents, in enzym e immobilization, a s  ion- 
exchange resins a s  well a s  macroinitiators for vinyl monom ers .37' 41
The preparation of primary aminoalkyl cellulosics generally involves 
reacting activated cellulose with aminoalkyl halides , 42"44 aminoalkylsulfuric 
acid 45‘52 or ethylenimine . 53"56 Another approach to the preparation of 
aminoalkyl cellulose involves the direct reduction of the nitrite group of 
cyanoethylated cellulose to give aminopropyl cellulose . 10 The Hofmann 
rearrangem ent of carbamoylethylcellulose with Br2/NaOH for 30-120 min also 
gives aminopropyl cellulose .57 Reacting activated cellulose with 
epichlorohydrin followed by subsequent reaction with various diamines gives 
0-[2-Hydyroxy-3-(co-aminoalkylamino) propyl cellulose . 44,5* 61 Zilkha treated 
cellulose ace ta te  with sodium naphthalene in tetrahydrofuran to prepare the
sodium cellulosate initiator. 62 The sodium cellulosate initiator w as reacted  
with the  NCA derivative of D,L phenylalanine, y-benzyl-L-glutamate, s-benzyl- 
L-cysteine, and sacosine. The reaction afforded single aminoacid cellulose 
derivatives and no polypeptide graft copolymers.
1.3.2 Aminocarbamoyl Cellulosics
T he reaction of cellulose with acrylamide under basic condition 
produces carbamoylethyl cellulose. The concentration of b a se  is kept 
relatively low, less than 0.4%, to prevent the reverse Michael reaction and  
hydrolysis of the acrylamide to carboxyethyl.28,29
Diener and Diner prepare a  w ater soluble 2-aminoethyl-carbamoyl 
cellulose with low degree  substitution (DS=< 0.02) by treatm ent of sodium 
carboxymethyl cellulose with excess ethylenediamine in the p resence  of w ater 
soluble carbodiim ides.eW5S Using penicillin, dinitrobenzene sulfonic acid 
conjugates, and other haptens, they observed a  high immunological tolerance 
of the  compositions in mice.
Previous work by Daly and Lee with the modification of poly(y-benzyl- 
a,L-glutamates) suggested  that converting the carboxymethyl cellulose to a  
corresponding alkyl es te r would produce a  derivative more receptive to 
aminolysis, thus increasing the degree of substitution .8,9,13 After the work w as 
initiated, two reports utilizing the similar conditions w ere reported. Gruening 
et a l 6&68 treated CMC ( DS>0.1) with methyl chloride a t 100°C to afford the 
methyl carboxymethylcellulose ester. The cellulose es te r is reacted  with
various diamines in methanol a t 150°C for 1 hour to afford the aminoamide 
cellulosics. The aminoamide cellulosics w ere quatem ized by treating with 
methylchloride in methanol at room tem perature. The quatem ized derivatives 
had a  degree of substitution of 0.67 b ase  on quaternary ammonium groups. 
Betainized cellulose derivatives are  prepared after treating the aminoamide 
cellulosics with CI(CH2)yC0 2 *Na+ in isopropanol at 60 °C for 6  hours. The 
quatem ized and betainized cellulosics (DS= 0.63) can  be  applied a s  hair 
b leaches and sham poos. Hydroxyethylcellulose w as treated  with the 
betainization reagent prepared by heating a  mixture of dimethylglycine, 
isopropanol, and epichlorohydrin at SO X . 68 The betainized cellulose 
improved the feel and combing capacity of hair. Szablikowski et. a l 69 
prepared the CMC ester by treating the CMC salt (DS=1) with dimethylsulfate 
in isopropanol a t 25 °C for 2 hours and 70 °C for 2 hours. The CMC este r is 
treated  with various diam ines in toluene a t 100°C for 5  hours which gives 
am inoam ides with a  DS of 0.7. The quatem ized derivatives were used  to 
flocculate china clay suspensions.
1.3.3. Synthesis of Aminoalkylcarhamoylmethyl Cellulosics
Sodium carboxymethyl cellulose is readily converted to a  water- 
insoluble methyl carboxymethyl cellulose (MCMC) by a  direct displacem ent 
reaction on dimethyl sulfate. The reaction can be  conducted either in neat 
dimethyl sulfate or in a  DMSO solution, in either c a se  an  insoluble este r is 
obtained (Schem e 1.5). The MCMC reacts under hom ogeneous conditions
with nea t diamines to produce water soluble CMC am ides (Schem e 1.5 and 
Table 1.1 ) . 70'71
S chem e 1.5. Synthesis of Aminoalkylcarbamoylmethyl cellulosics 1.11
H2O C H 2C O C H 3
Dimethyl sulfate
room temperature
CMC (DS=0.7)
H2O C H 2C N H (C H 2) NR'R"
b n  0H 
1.10
J n OH
OH
1.11
Residual (DS=0.01)
The conversion of the CMC salt to am inoam ides via methyl 
carboxymethyl cellulose (MCMC) is followed by FTIR; the carbonyl 
absorption shifts from 1606 c m 1 (CMC) to 1746 c m 1 (MCMC), and finally to 
CMC amide 1596 c m 1 (Figure 1.1). j h e  ap pearance of the am ide I and II 
bands a t 1660 and 1578 cm ' 1 confirms the amidation of the CMC ester. 
Analysis of the 1H NMR spectra shows the p resence  of positional isomers, 
arising from amidation occurring at C2 and C6  on the glucose ring (Figures
1.2 and 1.3). The anhydroglucose ring protons appear a s  a  broad peak, 3.25-
14
4.50 ppm. The alkyl substituent protons appear from 2.40-3.24 ppm.
Analysis of the 13C NMR72 spectra  show s the p resence  of the anhydroglucose 
ring carbons, C1 and C6  a t 105.0 ppm and 60.0 ppm, respectively and the 
C2-C5 carbons overlapping from 70.0-85.0 ppm. The am ide carbonyl is also 
present at 177.0 ppm (Figures 1.4 and 1.5).
T able 1.1. Preparation of Aminoalkylcarbamoylmethyl 
Cellulosics 1.11
Run Diamine MCMC,
(g)
Yield, g 
(%)
CMCED ethylene diamine 2.14 1.84
(8 6 %)
CMCNNED N,N-dimethyl- 2.05 1.98
ethylene diamine (97%)
CMC13DAP 1,3-diamino- 2.07 1.58
propane (76%)
CMCJ148 Jeffamine 148 1.03 0.81
(79%)
The degree of amidation (Table 1.2) w as determ ined using a  modified 
ASTM method73 for carboxymethylcellulose, sodium salt and by elem ental 
analysis. The aminoamide derivatives w ere dried and refluxed in acetic acid 
for 2.5 hrs and allowed to cool. The solutions w ere titrated conductrimetrically 
with perchloric acid and dioxane (Schem e 1.6 ). The following equation w as 
used to calculate the degree  of amidation.
15
DS= Hal (N aW aW I000m l equation 1.1
b- [(c)(Na)(Va)J/1000ml 
w here a=anhydroglucose unit (162.14 g/mol), Na=nomality of acid (eq/l), Va= 
volume of titrant (ml), b= weight of sam ple (g), c=weight of grafted substituent 
(g/mol). The residual sa lts  of the aminoamide derivatives after titration with 
perchloric acid/dioxane a re  not w ater soluble nor a re  the ace ta te  sa lts  formed 
during the reflux in glacial acetic acid, however the salts seem  to be slightly 
soluble or swell in DMSO/H2 O. In general high degrees of substitution are 
obtained, except in the c a se  of the decreased  substitution with N,N'-1,2-
140
CMC13DAP
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F igure 1.1. Comparison of the  FTIR spectra  of the CMC am inoam ides 1.11 
with the starting material, MCMC es te r  1.10.
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dimethylethylene diamine (CMCSED) (DS= 0.35) and 1,2 diam inopropane 
(DS= 0.37) which can be  attributed to steric effects. T he degree  of amidation 
calculated from elem ental analysis is within close agreem ent to the DS 
calculated by titration (Table 1.2).
T able 1.2. D egree of Amidation and Intrinsic Viscosity
Derivatives 1.11 DS
(titration)
meq/g
(titration)
n = W c
CMCED .49 1 . 6 8 3.95
CMCNNED .56 1.77 2.37
CMC13DAP .51 1.70 2.44
CMCJ148 .65 1.79
CMCNNED* .57 (.51) 2.64 (3.26) 3.90
CMCNNDAP* . 6 6  (.57) 2.81 (3.54) 1.08
(a)*Prepared by Experimental Method 1
(b) The num bers in paren theses a re  calculated from %nitrogen content from
elem ental analysis
1.3.4 R eactivity o f  th e  A m ino F unctional G roup
To confirm that the amino end  groups w ere accessib le  to further 
modification, cross-linking of the aminoamide derivatives 1 . 1 1  with excess 
epichlorohydrin under heterogeneous conditions a t 70°C w as attem pted 
(Schem e 1.7). T he amino functional group initiates a  nucleophilic attack on 
the epichlorohydrin, subsequen t displacem ent of the chloride by the 
intermediate alkoxide ion reforms the epoxide derivative a t room tem perature.
Scheme 1.6. Conductrimetric Titration
CELL OCH2 CNH(CH2 ) NR'R"
CHgCOOH 
REFLUX
HCIO4  /  DIOXANE
f
CELL OCH2 CNH(CH2 )xNR'Rh H ’ OCCH3
CELLOCH 2 CNH(CH2 )xNR’R,,H c i o 4  +
0
CH3 COH
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Figure 1.2. 1H NMR Spectra of CMC aminoamides 1.11 (a) CMCED and
(b) CMCNNED in D20.
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Figure 1 .3 .1H NMR Spectra of CMC aminoamides 1.11 (a) CMCNNDAP
and (b) CMC13DAP in D20 .
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Figure 1.4. 13C NMR Spectra of (a) CMCED and (b) CMCNNED in D20 .
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Figure 1 .5 .13C NMR Spectra of (a) CMC13DAP and  (b) CMCNNDAP in 
D20 .
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The mixtures w ere w ashed  with ace tone  and  dried under vacuum. The extent 
of reaction w as estim ated by the  weight of product isolated (Table 1.3). The 
derivatives a re  p laced in distilled water, no dissolution occured. Upon 
addition of 1 % or 5% NaOH, the  am inoam ides prepared from 
N.N’dimethylalkylenediamines dissolved over a  period of three days in NaOH 
at room tem perature. Dissolution occurred becau se  a  nucleophilic attack by 
the hydroxide opens the epoxide ring forming the diol 1.12 product. 1H NMR 
comfirms the ring- opening of the am inoam ide epoxide intermediate to the 
ring-opened diol am inoam ide derivative (Figure 1.6). The aminoamides 
prepared from the unsubstituted diam inoalkanes formed predominantly cross- 
linked networks 1.13 that w ere partially soluble under basic conditions. The 
difference in the reactivity of the  amino functional groups is clearly related to 
steric factors. The more sterically crowded tertiary amino end  groups stopped 
a t the epoxide intermediate, w hereas the  less hindered primary amino end 
groups formed cross-linked networks 1.13.
T able 1.3. Reactivity of Amino Functional Group
Derivatives sam ple (g) epichlorohydrin
(ml)
conditions yield (g)
CMCED 0.1078 1 0 70°C, .0958
CMCNNED 0.1285 1 0
overnight 
70 °C, .1114
CMC13DAP 0.1750 1 0
overnight 
70 °C, .1556
CMCNNDAP 0 . 1 0 2 0 1 0
overnight 
70 °C, 
overnight
.0866
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S ch em e 1.7. Reactivity of the Amino Functional Group
CH2 OCH2 CNH(CH2)xN r 2
'  c ic h 2 c h c h 2
\  OH 
'OH
1.11
a
I *
V
70°C, 1DAY 
5% NaOH
Cl'
iH2 OCH2 CNH(CH2) NCH2 CHCH2OH
■° i X |  L
diol
a
1.12
t Cl'
CH2OCH2CNH(CH2) n c h 2c h c h 2
0  ’ 1  L
1M(CH2)xNH5CH20 q H 2
a 1.13
cross-linked
WHERE R=H, CHj 
X=2 OR 3
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Figure 1.6. ’H NMR Spectra of aminoamide celiuiosic diols 1.12 (a)
CMCNNDAP and (b) CMCNNED.
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1.3.5 T herm al A nalysis
The DSC trace (Figures 1.7 and 1.8) of the  MCMC este r 1.10 showed 
two transitions, a  TMi, 90.3 °C and a  Td (exotherm), 300.1 °C (Table 1.4). 
Amidation c au ses  a  lowering of TMi, 90.3 °C, by ~20- 3 0 °C for the 
aminoamide cellulosics 1.11. The DSC traces in Figure 1.9 allow a  closer 
analysis of transition region, '2 5 °C - 125°C, which shows a  possible Tg at~12 
°C and the onset of the  broad melt transition, TMi. a t ~6 8 °G . This shift to a 
lower TMi is cau sed  by side chain mobility. An additional transition not 
observed in MCMC es te r  appeared  a t 207 .8°C, 206 .4°C, and 213.4°C for the 
CMCNNED, CMC13DAP, and  CMCNNDAP aminoamide cellulosics 1.11, 
respectively (Figures 1.7 and  1.8). This transition may be attributed to the 
loss of the  side chain .30 The transition tem perature, T, is the onset of thermal 
decomposition which is com parable to T ^  in Table 1.5 and Figure 1.10 for 
TGA analysis. T he decomposition tem perature w as only mildly effected by 
amidation. CMCNNED and CMCNNDAP show ed a  small increase in Td and 
CMCED and CMC13DAP showed a  small d ec rease  in Td.
Typically, the tem perature a t which the onset of major weight loss 
occurs is betw een 270-300°C for unmodified cellulose . 1,15,30 G enerally , 
purification by bleaching and scouring raises the  onset tem perature and 
chemical modifications, such a s  tosylation, cyanoethylation, disulfide 
crosslinking, thioacetylation, benzhydrylation, and  tritylation, tends to lower 
the decomposition tem perature of cellulose .30
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T able 1.4. Com parison of the DSC Transitional Tem peratures for
Aminoalkylcarbamoylmethyl cellulosics 1.11
Derivatives Tm, Tm2 T Td (exo)"
MCMC 90.3 233.3 300.1
CMCED 59.6 253.9 287.5
CMCNNED 79.1 207.8 262.9 307.1
CMC13DAP 81.9 206.4 263.1 293.1
CMCNNDAP 68.0 213.4 261.3 302.9
(a) Exothermic decomposition tem perature.
The modified celluloses, CMC salt 1.8 and  MCMC ester 1.10, did show 
a  d ec rease  in the onset of thermal decomposition at 264.4 °C and 244 °C (t«q), 
respectively (Figure 1.10 and Table 1.5). Interestingly, the amidation of the 
MCMC es te r  increased  the thermal stability of the modified cellulose to a  
thermal decom position tem perature slightly higher than that of CMC salt 
(Table 1.5). For the aminoamide cellulosic TGA traces, the first observable 
weight loss for the aminoamide cellulosics 1.11 occurs between 264.4 °C and 
271.9 °C (Ttf), accelera tes until an inflection point n ea r 293.9°C -305.5°C 
(Td3), and levels off between 316.0°C and 333.7 °C (T «) (Table 1.5 and Figure 
1.10). The sam ples w ere initially h eated  to a  130°C to remove any absorbed 
water. Therefore, the DTA traces did not show an  endotherm  above 100°C 
which show s the  volatilization of absorbed water. However, the DTA traces 
did show an  endotherm  associated  with the formation and volatilization of 
levoglucosan a t 278.2°C (CMC), 307.6°C (MCMC), 295.0 °C (CMCNNDAP),
299.2 °C (CMCNNED), and 286.6 °C (CMCED and CMC13DAP) (Table 1.5).
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The aminoam ides containing primary amino end  groups on their side  chains, 
CMCED and CMC13DAP, have an  initial weight loss, Tdi, that is not observed 
for the  starting materials, CMC salt and  MCMC, or CMCNNED and 
CMCNNDAP, this is attributed to "bound” w ater that is more tightly held 
through hydrogen bonding with the primary amino groups.
ICMC
IMCNNOAP1500 CMCNNED.
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CMC130AP
-3500 3
-25 75 475 175 , 275 ,
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Figure 1.7. A com parison of DSC traces  of CMC am inoam ides 1.11 to the 
starting material, MCMC es te r  1.10.
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Figure 1.8. A DSC reference trace  of CMCNNDAP to analyze transitions 
in Table 1.4.
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Figure 1.9. A comparison of DSC tra ces  of CMC aminoam ides 1 . 1 1  to 
the starting material, MCMC este r 1.10; a  closer analysis of 
transition region, ’2 5 °C - 125°C.
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Figure 1.10. A comparison of TGA traces of CMC aminoamides 1.11 to
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Table 1.5. Comparison of TGA Decomposition Tem peratures of 
___________Aminoalkylcarbamoylmethyl cellulosics 1.11________
Derivatives Tdi Td2 Td3 Td4 char at 
500 C
CMC 264.4 276.1 288.3 39.1%
(11.3%) (25.5%) (51.5%)
MCMC 244.5 301.3 345.8 33.0%
(14.1%) (37.6%) (58.9%)
CMCED 132.1 268.2 293.9 316.0 27.4%
(10.2%) (18.0%) (42.7%) (60.8%)
CMCNNED 271.9 305.5 336.0 16.4%
(15.2%) (47.2%) (76.1%)
CMC13DAP 168.8 265.3 295.0 323.0 19.7%
(11.6%) (19.7%) (44.7%) (66.2%)
CMCNNDAP 265.3 304.5 333.7 16.3%
(14.6%) (48.6%) (74.4%)
(1) The percen tages in paren theses give loss of material at that tem perature.
(2) The char percentage is the am ount of char remaining at 500 °C
1.3.6 C ationic C ellu lo sics
Cationic cellulosics a re  of the family of natural polyelectrolytes that 
have found applications in a  variety of industrial applications. They include 
w aste water treatment, textiles, paper-making, oil recovery, and a s  a  
component in food, drugs, and  cosm etics . 110-112 The am ount of charge 
density, a s  well a s  molecular weight, influences the application of the 
polyelectrolyte .74-77
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1.3.6.1 S y n th es is  o f  Q uaternary  Am m onium  S a lts  (M onoquats)
The m onoquat66167169 a re  readily prepared from am inoam ide derivatives 
1.11 by slurrying in iodom ethane at room tem perature for 3  days (Table 1.6). 
the  aminoamides 1.14 are  purified by washing in acetone and  drying under 
vacuum.
CH2OCH2CNH(CH2)NR'R' CH2OCH2CNH(CH2)
CH
OH OHOH OH
1.11 1.14
Results of the cationic charge density are  located in Table 1.13. T he 
hydrogen chloride derivatives of the aminoamides were prepared by strongly 
acidifying the solutions prior to titration with PVSK (Table 1.10).
T able 1.6. Preparation of Monoquats 1.14
Derivatives sam ple (g) yield (g)
MQNNED 1.03 1 . 1 0
MQ13DAP 0.42 0.54
MQNNDAP 1 . 0 2 1 . 1 0
1.3.6.2 S y n th esis  o f  D iquatem ary Am m onium  S a lts  (D iquats)
The quatemizing agent, Quat 188, is a  65% aqueous solution of N-(-3- 
chloro-2 -hydroxypropyl) trimethylammonium chloride 1 .1 5 .78
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c h 3
Cl— CH2— CH CH2  N— CH3  Cl
(L<OH
1.15
The quatemization of the aminoamide cellulosics occurs through the more 
reactive epoxidized Quat 188. The epoxidized derivative 1.15a is formed in situ 
upon addition of NaOH.
c h 3
c h 2 — CH—  c h 2 — n —— CH3  C l“
0  c h 3
1.15a
The aminoamides cellulosics 1.11 are  dissolved in 1% NaOH (Table 1.7) or 
10% NaOH (Table 1.8) and then 10ml of Quat 1881 .15  is added. The 
solutions are  allowed to react for 4  days a t room tem perature, dialyzed 3 
days, and freeze-dried. Base, 1% or 10% NaOH, is used a s  a  solvent for 
dissolution of the aminoamides and to epoxidize the Quat 188. The amino 
functional group attacks the epoxidized Quat 188 1.15a forming the diquats 
(Schem e 1.8). Analysis of the  1H NMR confirms the addition of Quat 188 to 
the aminoamide cellulosics (Figures 1.12 and 1.13).
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S ch em e  1.8. Synthesis of Diquatemary Ammonium Salts 1.16
H2 OCH2 CNH(CH2) N(CH3 ) 2
OH
1.11
f + 3
CH9 CHCH2  M—CH3  C l'
Njf ^
1.15a
QUAT 188
I 1% NaOH 4 DAYSRoom Tem perature
I p v  T?
CH2 OCH2 CNH(CH2) n - c h 2 c h  CH2 N -C H 3  Cl
\  OH
' o h
OH c h 3
J a
1.16
DIQUAT
W HERE X=2 OR 3
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Figure 1.12. 1H NMR Spectra of Diquats 1.16 (a) Q uat 1 8 8 1 .1 5  starting 
reagent and (b) DQNNDAP in D20 .
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Figure 1.13. 1H NMR Spectra of Diquats 1.16 (a) DQED, (b) DQNNED, and
(c) DQ13DAP in D20 .
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Table 1.7. Preparation of Diquats 1.16 with 1% NaOH
derivatives sample (g) Q188 (ml) NaOH (1%) 
(ml)
yield(g)
DQED 0.1072 1 0 . 0 1 0 . 0 0.1611
DQNNED 0.2655 1 0 . 0 1 0 . 0 0.2872
DQ13DAP 0.1767 1 0 . 0 1 0 . 0 0.2048
DQNNDAP 0.1060 1 0 . 0 1 0 . 0 0.1374
Table 1.8. Preparation of Diquats 1.16 with 10% NaOH
derivative sample (g) Q188 (ml) NaOH (10%) yield(g) 
(ml)
DQNNED 2 . 0 1 1 0 . 0 10.0 2.33
DQ13DAP 0.63 1 0 . 0 10.0 0.79
DQNNDAP 0.80 1 0 . 0 10.0 0.54
1.3.6.3 S y n th esis  o f  P o ly q u a tem ary  A m m onium  S a lts  (P o lyquats)
Polyquaternary ammonium salt copolymers 1.17 are  prepared by 
reacting aminoamide cellulosics 1 . 1 1  with epichlorohydrin and  dimethylamine 
a s  shown in Schem e 1.9 (Table 1.9). T he am inoam ides cellulosics, 
CMCNNED and CMCNNDAP, contain tertiary amino terminal groups on their 
side chains. The nucleophilic attack of the tertiary amino groups on 
epichlorohydrin gives an intermediate that contains a  quaternary ammonium 
salt and an  a  epoxide. The more reactive dimethylamine can  then attack the
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epoxide, opening the ring, thus continuing the nucleophilic addition of the 
epichlorohydrin and  dimethylamine .75 Analysis of the 1H NMR shows broad
13
overlapping peaks (Figure 1.14). C NMR analysis of the starting 
aminoamide cellulosics 1.11 to th e  polyquat 1.17 shows additional carbon 
signals in the  alkyl region of the  spectra  corresponding to the quatem ized 
derivative (Figure 1.15).
Table 1.9. Preparation of Polyquats 1.17
Derivatives sample(g) dimethylamine
(ml)
epichlorohydrin
(ml)
time yield (g)
PQ5NNEDa 0.4396 1 0 . 0 1 . 0 1 day 0.9733
PQ6 NNDAPb 0.5356 25.0 15.0 3 days 1.4063
PQ2NNED8 0.6100 1 0 . 0 5.0 1 hr.
PQNNDAPb 0.1840 16.0 17.0 3 days 1.5747
(a) The product w as precipitated in acetone and  dried under vacuum.
(b) The product w as dialyzed and  freeze-dried.
1.3.6.4 D eterm ination o f  C ation ic  C harge D ensity
In conventional m ethods for analyzing a  polyelectrolyte, the anionic or 
cationic colloid is titrated with either polydiallyldimethylammonium chloride 
(DADMAC) or potassium polyvinylsulfate, (PVSK), respectively .79,80 The 
endpoint is determ ined by the m etachrom atic color change of toluidine blue 
indicator from blue to red-wine. T he conductrometric method, the 
turbidimetric method, and the iodine ion selective electrode are  also used  to 
analyze polyelectrolytes.
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S ch em e 1.9. Synthesis of Polyquatemary Ammonium Salts 1.17
H2 OCH2 CNH(CH2) N(CH3 ) 2
OH
1.11
i
c i c h 2 c h c h 2
V
(CH3)2 NH 
5 0 ^ ,  overnight
C I"
OH
1.17
POLYQUAT
WHERE X=2 OR 3
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Figure 1.14. 1H NMR Spectra of Polyquats 1.17 (a) PQ5 and (b) PQ6 in
D20 .
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Figure 1.15. 13C NMR Spectra of Polyquats 1.17 (a) PQ5 and (b) PQ6 in
D20.
Most recently, Tanaka81 used  the fluorescent indicators, 6 -(p-toluidino)- 
2 -naphthalenesulfonic acid, potassium  salt (TNS), 8 -anilino-1 - 
naphthalenesulfonic, ammonium salt (ANS), acridine orange, acriflavine 
hydrochloride, and safranine O to directly titrate anionic and cationic 
polyelectrolytes with 1 0 " 4  standard  solutions of DADMAC and PVSK The 
unbound dyes a re  practically nonfluorescent but exhibit strong fluorescence 
when bound to a  polyelectrolyte. The fluorescence intensity of the 
polyelectrolyte-dye complex is diminished when titrated with a  standard  
solution of PVSK or DADMAC. During the titration with PVSK or DADMAC 
the dye is liberated and is substituted with the PVSK or DADMAC. The 
fluorescent intensity becom es constant after the endpoint is reached.
The aminoamide derivatives w ere quatem ized to different deg rees  of 
quatem ization, mono-.di- and  poly-quatemization. The first attem pt to 
analyze the quatem ized cellulosics employed the water soluble fluorescent 
dye ind icators, TNS and ANS. Two drops of a  1 % solution of TNS or ANS 
w ere added  to a  solution of the  quatem ized cellulosics. The solutions were 
titrated directly with standardized PVSK The fluorescence intensity w as 
monitored using the Spex Spectrometer. Unfortunately, the cationic 
cellulosics precipitated out of solution causing the solution to becom e turbid.
The turbidimetric and the indicator m ethods proved to be  m ost effective 
in the analysis of the quatem ized aminoamide cellulosics .79'80 Sodium 
dodecyl sulfate (SDS) and PVSK w ere standardized with cetylpyridinium
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chloride m onohydrate (CPM). The quatem ized cellulosics w ere dissolved in 
distilled water. Aliquots of the solutions w ere titrated using PVSK or SDS with 
continuous stirring and  the pH w as monitored. The pH w as adjusted a s  
needed  with HCI or NaOH solutions. T he turbidity and  indicator m ethods 
w ere done simultaneously by adding the 2  drops of toluidine blue indicator to 
the sam ple. Aliquots of the sam ple w ere pipetted into cuvettes and  the 
turbidity w as monitored using % transmittance. Transm ittance m easures the 
am ount of light passing through the  solution. The titration curve, 
transm ittance vs. volume of titrant, w as plotted, and the endpoint determ ined 
from the inflection point. The indicator color changes from blue to red-wine. 
There w as an  initial lowering in transm ittance a t 600 nm that w as due to the 
p resence of the indicator. There w as a  lowering in transm ittance a t 520 nm 
which increases in intensity a s  the observed equivalence point w as reached 
which w as detected  by the color change. However, the toluidine blue 
indicator did not prove effective for titrations using SDS. At th e  proposed 
equivalence point, there w as no color change. The solutions rem ained blue. 
However, the  solutions did becom e turbid and the turbidity method w as 
suitable for turbidimetric analysis of the polyelectrolytes.
The cellulosic am inoamides 1.11 w ere treated  with HCI a t room 
tem perature to afford the  cellulosic ammonium am ide hydrogen chlorides.
The pH (2.5) w as adjusted a s  needed  with HCI and NaOH. T he charge per 
gram (meq/g), determined by the turbidimetric method, is approximately half
that determ ined by the conductrimetric method (Table 1.10). The discrepancy 
in charge density is two-fold (1 ) titrant diffusion through the media, (2 ) 
quatem ization of the amino end group. In the  conductrimetric method, the 
cellulosic am inoam ides a re  refluxed in acetic acid to quatem ize the  amino 
moiety, w hereas quatem ization with HCI a t room tem perature is required for 
the turbidity method. Both techniques rely upon the diffusion of the titrant to 
complex with the ion. T he perchloric acid is the titrant in the conductrimetric 
method, which involves complexing with the acetate  ion (Schem e 1.5). The 
turbidity method requires the  complexation of two polymers, PVSK, titrant, 
with the  charged cellulosic aminoamide for precipitation to occur.
T he diquats 1.16 (1% NaOH) w ere analyzed with the toluidine blue 
indicator and  the turbidity method. The diquats (Table 1.16) w ere dissolved in 
distilled w ater and  2  drops of indicator added. The derivatives w ere titrated 
with PVSK to the indicator endpoint, blue to red-wine. Hydrochloric acid w as 
added  and the pH adjusted to 2.5. The titration w as continued with the PVSK 
to the turbidimetric endpoint. The extent of quatem ization for the diquats 
prepared with 1% NaOH is less than 0.1 for all the derivatives (Table 1.11). 
Upon acidification, the unreacted amino groups are  quatem ized and the 
extent of quatem ization is now close to that of the cellulosic ammonium amide 
hydrochlorides (Table 1.12).
The diquats were prepared with 10% NaOH and the extent of 
quatem ization determ ined by indicator method and turbidity m ethods (Table
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1.16). In the preparation of diquats the concentration of b ase  affects the 
extent of quatemization. The base  is necessary  in the formation of the more 
reactive epoxide derivative of Quat 188. It is quite evident by analyzing the 
diquats prepared with 1% NaOH, Table 1.11, the formation of the reactive 
epoxide intermediate is much slower than with 10% NaOH (Table 1.14).
T able 1.10. Turbidimetric Titration of M onoquat Hydrogen chlorides
Derivatives g of sam ple 
(10-3)
ml of PVSK meqlg
MQED 4.13 23.0 1.15
MQNNED 6 . 2 0 19.5 0.65
MQ13DAP 2.76 1 1 . 0 0.82
MQNNDAP 4.34 15.5 0.74
A/=2.06x10"* eq/l; pH=2.5
T able 1.11. Determination of Cationic C harge for Diquats 1.16* at pH=6.0
Derivatives g of sample 
(10-3)
ml of PVSK meqlg (Indicator)
DQED 3.72 0.4 0 . 0 2 2
DQNNED 3.67 1 . 2 0.067
DQ13DAP 3.99 0.9 0.046
DQNNDAP
hi 4
3.61 1.4 0.080
(1) A/=2.06x10“* eq/l; pH=6.0
(2)* Diquats prepared with 1% NaOH.
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T able 1.12. Determination of Cationic Charge for Diquats 1.16 at pH=2.5
Derivatives g of Sam ple 
(X10-3)
ml of PVSK 
(turbidity)
ml of PVSK 
(Indicator)
meqlg
(turbidity)
meqlg
(indicator)
DQED 3.72 1 2 . 0 11.5 0 . 6 6 0.64
DQNNED 3.67 14.5 16.3 0 . 6 6 0.91
DQ13DAP 3.99 15.0 14.0 0.81 0.72
DQNNDAP 3.61 12.5 1 0 . 0 0.72 0.57
(1) A/=2.06X1 O' 4  eq/l; pH=2.5
(2 ) Diquats prepared with 1 % NaOH
For the polyquaternary ammonium cellulosics 1.17, titrating with PVSK 
proved to be effective. However, when analyzing the graft polycationic 
cellulosic, m onoquats 1.14 and  diquats 1.16, the u se  of SDS, a  twelve carbon 
anionic surfactant, w as more effective in analyzing the short chains grafts. 
After the SDS has  formed a  complex with the first charge, b ecause  it is less 
bulky than the PVSK, the second charge is still accessible. Analysis of the 
amount of cationic charge density for the graft polycationic cellulosics with 
SDS a s  titrant show s an average of one charge for the monoquats 1.14 
(Table 1.13), two charges for diquats 1.16 (Table 1.14), and five charges for 
the polyquats 1.17 (Table 1.15). Analysis of the charge density with the 
PVSK show s a  general increase with quatem ization for the m onoquats 1.14 
and diquats 1.16, but it is in close agreem ent with that of the polyquats. This 
agreem ent of charge density with the PVSK and SDS titrations for the 
polyquats, suggest that the length of the cationic graft does influence the
48
effectiveness of the polymer-polymer titration. A schem atic of the polycationic 
cellulosic brushes is shown in Figure 1.16.
Table 1.13. Cationic Charge Density of M onoquats 1.14
m onoquats SDS ( meqlg) 
(turbidity)
PVSK ( meqlg) 
(turbidity)
PVSK ( meqlg) 
(indicator)
MQNNED 0.97 0 . 1 1 0 . 1 1
MQ13DAP 0.25 0.31
MQNNDAP 1.26 0.40 0.38
SDS: A/=2.03 X10'3 eq/l: PVSK: A/=2.24X10‘4 eq/l (turbidity) 
PVSK: A/=1.49X1 O'4  eq/l (indicator)
T able 1.14. Cationic Charge Density of Diquats 1.16*
Diquats SDS( meqlg) PVSK (meqlg) 
(turbidity)
PVSK( meqlg) 
(Indicator)
DQNNED 1.96 0.94 0.67
DQ13DAP 2.13 0.97 0.79
DQNNDAP 1.74 0.69 0.56
(1) SDS: N=2.03 X10* eq/l: PVSK: N=2.24X1(T eq/l (turbidity) 
PVSK: N=1.49X10"4 eq/l (indicator)
(2)* Diquats prepared from 10% NaOH.
T able 1.15. Cationic Charge Density of Polyquats 1.17
Derivatives SDS
meq/q
PVSK (meq/g) 
Turbidity
PVSK (meq/g) 
Indicator
PQ5NNED 3.84 4.68
PQ 6 NNDAP 4.44 4.40 3.75
PQ2NNED 2.72 0.82 0.94
PQNNDAP 5.35 6.47 4.31
SDS: A/=2.03 X10'3 eq/l: PVSK: A/=2.24X10'4 eq/l (turbidity) 
PVSK: AM.49X1Q -4 eq/l (indicator)
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Figure 1.16. Schem atic of cationic cellulosics.
CHAPTER TWO.
FLOCCULANTS
2.1 In troduction
Cationically charged polyamines and polymeric quaternary ammonium 
salts usually find applications involving interactions with anionically charged 
colloidal particles, including biological species in aqueous media. One such 
application is flocculation. T he process of flocculation is the gathering 
together or aggregation of small particles, usually in a  liquid media, into larger 
particles called floes by neutralizing or overcoming the forces holding the 
solids in suspension. Separation of solids and liquids is impeded by small 
suspended  particles or colloids which usually result in excessively longer 
sedim entation or filtration times. Increasing the  particle size by flocculation 
alleviates the problem and allows rapid separation or drainage of the liquid 
p h ase  from a  suspended phase, minimizes the solids remaining in the liquid 
phase, and maximizes the solids content in the solid phase. Practical 
applications of flocculation a re  in raw and w aste water clarification, sludge 
dewatering, mineral processing, and paperm aking .75,76,82
There are  two general categories of flocculants, inorganic and 
polymeric. Inorganic flocculants a re  based  mainly upon the hydrolyzable 
salts, aluminum sulfate and ferric chloride. Except in w ater clarification, 
synthetic polymeric flocculants have replaced inorganic flocculants.
Polymeric flocculants offer the  following advantages: the floes a re  larger,
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stronger, and more rapidly formed, salt concentration is not increased, much 
less sludge is generated because  less polymer is required, and no pH 
adjustm ent is needed. Polymeric flocculants are  also divided into synthetic 
and natural w ater soluble macromolecules. Most of the synthetic polymers 
are acrylamide based  and the natural polymers are  usually starch, flour, guar, 
gum, cotton, cellulose and their derivatives. However, inorganic flocculants 
are  less expensive . 76
The synthetic polymeric cationic flocculants are  prepared by both step- 
growth polymerizations and chain- addition polymerizations. The chain- 
reaction synthesis generally u ses acrylamide comonomers that give 
polyamine and polyquats of high molecular weights. The low molecular 
weight, high charge density polyamines are usually prepared by step-reaction 
betw een polyfunctional am ines and epihalohydrins or dihalides .75,76
2.2 M echanism  o f F locculation
Submicron particles remain separated  and suspended  entities in liquid 
b ecause  of Brownian motion, which prevents particles from settling, and 
electrostatic repulsion due to surface charge of the particles which prevents 
collision and aggregation. Solvents and ions modify the electrostatic 
repulsion of charged particles forming what is called the electrical double 
layer. The electrical double layer is divided into the Stem  and the Gouy- 
Chapm an layers. The Stern layer is formed by ions and m olecules adsorbed 
at the particle surface. The Gouy-Chapman layer is created by free ions in
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the solution with net opposite charges that a re  attracted to the S tem  layer. 
Thus for particles to m ake contact and  aggregate, a  potential energy barrier 
must be overcome either by providing enough kinetic energy to the  particles 
to overcome the charge barrier or by eliminating the surface charge of the 
particles through charge neutralization .76,112
Charge neutralization can  occur by com pression of the double layer 
through increasing the ionic strength of the solution or by adsorption of the 
flocculants onto particle surfaces. T he mechanism of charge neutralization by 
polymer adsorption onto the  particle surface is generally seen  in low solid 
suspensions, < 1  %, w here the polymer is adsorbed onto the particle in a  
flatten configuration forming ionic patches. Flocculation occurs through 
electrostatic attraction by the collision of a  patch of one particle to patch of 
another particle with opposite charge . 76,106
Alternatively, if the  polymer adsorbs by attachm ent of relatively few 
segm ents of the polymer onto the particle surface with segm ents of loops and 
trains extending into the  bulk of the  solution, then the m echanism of 
flocculation is bridging. Flocculation occurs because  the  configuration allows 
the polymer to span  the d istance of closest approach of other particles which 
increases the particle-collision diam eter and provides a  point of attachm ent 
beyond the electrostatic repulsion force. Generally, the bridging mechanism 
is favored by high m ass polymers and  solid concentrations of >1 % . 76
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2.3 Polym eric F loccu lan ts
2.3.1 Polyacrylam ide b a s e d  F lo ccu lan ts
Acrylamide is the m ost commonly employed com onom er in the  
preparation of synthetic polymeric flocculants. The chain- reaction synthesis 
using acrylamide a s  the principle comonomer affords polymeric flocculants of 
high and ultrahigh molecular weights. T he cationic acrylamide copolymers 
are  usually employed a s  pigment retention aids in the m anufacture of fine 
paper, a s  well a s  in sludge dewatering applications in which high density and 
high molecular flocculants a re  required.
C = 0
L h 2
2.1
The acrylamide based  polymers 2.1 and copolymers can be  either anionic or 
cationic in nature. Anionic polymeric flocculants a re  prepared by partial 
hydrolysis of polyacrylamide or by direct copolymerization of the  acrylamide 
and sodium acrylate monom ers . 7576
T he majority of the cationic polymeric flocculants a re  copolym ers of 
acrylamide monomer and modified acrylic or methacrylic acids o r e s te rs  with 
amine or quaternary amino groups. The acrylic and methacrylic e s te r  
monom ers are  generally prepared by transesterification of the  acrylic and 
methacrylic esters  with dimethyl- or diethylaminoethanol and  su b seq u en t
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quaternization with dimethyl sulfate or methylchloride. The acrylic and 
methacrylic am ide monomers are synthesized by the addition of N,N-dimethyl- 
1 ,3-propanediam ine to methacrylic acid or ester. The cationic am inoamides 
are more resistant to hydrolysis which m akes them more of commercial 
interest. The most common quaternized vinyl m onomers are  N,N 
dimethylaminoethyl acrylate methyl chloride or methyl sulfate quats 2 . 2  
(DMAEA-MCQ or DMAEA-MSQ),
2.2
A/,A/-dimethylaminoethyl methacrylate methyl chloride or methyl sulfate quats
2.3 (DMAEM-MCQ or DMAEM-MSQ),
2.3
and methylacryamido-A/-propyltrimethylammonium chloride 2.4 (MAPTAC) . 74,75
Q
CH2  = C H C O C H 2 CH2 N(CH3 ) 3  X
CH2 = C C 0 C H 2 CH2 N(CH3 ) 3  X
+
CH2 = C C N H (C H 2 )3 N(CH3 ) 3  cf 
CH3
2.4
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The reaction of aliyl chloride with dimethylamine affords the  allylamine, 
diallyldimethylammonium chloride (DADMAC), the  m ost commonly employed 
monomer. The commercially available DADMAC - acrylamide copolymers 
contain a  cyclic structure 2.5 which is stab le over a  wide range of conditions.
Reacting polyacrylamide with form aldehyde and  dimethylamine ,v/a the 
Mannich reaction and subsequent quatem ization, also  affords a  cationic 
polymeric flocculant.75,76
2.3.2 P o lyam ines
The polyamine based  flocculants a re  cationic polymers of low to 
medium molecular weight and high charge density. They a re  used  to 
flocculate particulate matter from turbid natural w aters. T he sim plest polymer, 
ionene75, is formed by reacting epichlorohydrin with bifunctional secondary 
am ines to produce a  linear polyquat with the  quatem ized nitrogen backbone 
a s  shown in Schem e 2.1. Ionene is the m ost important commercial 
polyamine. Numerous water-treatment products a re  b ased  on the 
epichlorohydrin- dimethylamine polymer. By increasing the functionality of 
the amine, higher molecular weights a re  achieved through branching, but
2.5
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flocculation is decreased  b ecau se  the branched polymer can not extend a s  
far into the solution. It is difficult to produce extremely high molecular weights 
necessary  to flocculate large particles.
S chem e 2.1. The Preparation of Ionene
CH,
(CKj)2NH + CK,—CH—CHjCI -------- ► -(-N ~C H jC H C H ,-^ Cl*
CHj OH
Polyquaternary ammonium salts w ere prepared by reacting 
dihaloalkanes with tetrasubstituted diam inoalkanes .83 Cosmetically, the 
derivatives can be used a s  treating cream s of lotions for the face and hands, 
anti-solar cream s, tinting or shading cream s, makeup remover milks, bath oils 
or bubble bath formulations and deodorants. The polymers also p o ssess  
germ icidal, bacterial and fungicidal characteristics.
Polyaminoamides w ere prepared by the polycondensation reaction of 
dicarboxylic acid with polyalkylenediamines which contain two primary amino 
groups, at least one secondary amino group and alkylene groups containing 2  
to 4 carbon atom s with a  dicarboxylic acid. The polyaminoamides are 
alkylated with bifunctional alkylating agen t .84,85 The polyamino-amides can  be 
used a s  conditioning agen ts which m akes wet hair easier to disentangle and 
comb.
2.4 Natural Polym ers
Most of the natural polymer cationic flocculants are  based  on starch 
and starch derivatives .74 The cationic starch derivatives, in addition to
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functioning a s  flocculating agen ts are  also useful in pigment retention and dry 
strength improvement in paper applications. In 1938, Schlack proposed that 
starch could be  etherified using alkylene oxides containing am ino and 
quaternary ammonium hydroxide groups .86,87 Unfortunately, the  reaction 
tem perature exceeded  6 0 °C, the gelation temperature of starch. Gelatinous 
starch is difficult to process. After two decades and several paten ted  attem pts 
at cationically etherifying starch, employing highly reactive alkylene oxides 
and halohydrin in the presence of strong alkali, Kesler and  Hjermstad88 
proposed that their process would work using epoxy com pounds, such  a s  
epichlorohydrin. Paschall, E. F. confirmed the hypothesis by cationically 
etherifying starch  with epichlorohydrin and tertiary am ine . 86,89 S ince then, 
many paten ts have been  issued detailing the synthesis and processing of 
cationic quaternary ammonium starch ethers from the reaction of starch and 
epihalohydrins with am ines90"99 based  on 2 .6 .
S tone e t al100 prepared cationic polysaccharides containing both 
quaternary ammonium and hydrophilic substituents. Hydroxyethylcellulose 
(HEC) or hydroxypropylcellulose (HPC) are  reacted with 3-chloro-2- 
hydroxypropyltrimethyl ammonium chloride or 2,3-epoxy-propyltrimethyl
? H3
+
CELL OCH2 CH(CH2 ) ^ — CH3 CI
2.6
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ammonium chloride to afford the quaternary nitrogen containing HEC or HPC 
2.7. T hese water- soluble quaternary ammonium cellulosics p o sse ss  the 
desirable property of substantivity to many substrates. T hese derivatives a re  
utilized a s  flocculants, pigment retention a id s , in paper- making, a s  antistat 
agen ts in fibers and fabrics, a s  hand stiffners for fabrics, in personal care  
formulations, in adhesives, and  in printing inks. The R’ is a  carboxylate salt 
group.
CELL0(CH2 CH20  )a (CH2 £H  0  >b(CH2 CH2  0  )c(CH2 CH2  )^R'
I + 2  -
C H 3 - |fJ -C H 3  X
c h 3
2.7
A shortcoming of the derivatives prepared by Stone is the  ab sen ce  of 
lipophilic substitutents which limits their compatibility with non polar 
compounds. Brode et a l 101 prepared cationic polysaccharides containing 
both quaternary ammonium and hydrophobic substituents 2.8. Cellulose 
ethers, particularly, hydroxyethylcellulose w as treated with hydrophobe- 
containing quaternizing agents, such a s  3-chloro-2-hydroxypropyl 
dimethyldoceyl ammonium chloride, 3-chloro-2-hydroxypropyl 
dimethyloctadecyl ammonium chloride, or 3-chloro-2-hydroxypropyl 
dimethyloctyl ammonium chloride.
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CH3
+
CELL0(CH2 CH2 0  )g CH2  CH CH2  N (CH2) CH3  Cl"
OH CH3 
2.8
The w ater soluble cationic polysaccharides enhance the viscosity of aqueous 
solutions, improve foaming and  surface properties, a s  well a s  p o ssess  
applicability in personal care, em ulsions and cleansers.
Mezynski et al102 p repared a  cationic starch derivative by treating 
potato starch with Na2S 0 4, NaOH, and  Et2NCH2CH2CI.HCI for 10 hours at 
room tem perature. The mixture w as neutralized and dried under vacuum.
The starch had a  DS of 0.015 which exhibited improved water solubility and 
dispersibility in cold w ater and  retention capacity in paper- making, a s  well a s  
behave a s  a  flocculating agent.
Q uatem ized chitosan derivatives 2.9 have been  prepared by treating 
chitosan (50-100% deacetylated) in the  p resence of glycidyl 
trimethylammonium chloride or glycidyl triethyl ammonium chloride and 
ethylene oxide . 103
CH3
I
CELLNHCH2 CH2 OCH2 (j:HCH2 N  CH3  Cl"
OH CH3
2.9
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T he quatem ized chitosan can be utilized in cosmetic compositions, especially 
for skin and  hair treatm ents.
2.5 Flocculation Activity
W ater treatm ent agen ts a re  required in any application w here it is 
n ecessary  to sep ara te  solids from w ater or process stream s. T he flocculation 
activity is studied by measuring the settling rate, sedim ent volume, and 
supernatan t clarity of a  suspension of kaolin clay, after the cationic flocculant 
is ad d ed .82,104*109 The settling rate is obtained by m easuring the time at which 
the  m eniscus falls a  standard distance in a  graduated cylinder. T he sedim ent 
volume is determ ined by m easuring the height of the sedim ent in the 
graduated cylinder after a  se t time. An aliquot of this solution is used  to 
determ ine the supernatant clarity above the sedim ent volume.
The cationic cellulosics were examined to determ ine if the  extent of 
quatem ization and  the length of the graft would affect the  efficiency of 
flocculation. An increase in the sedim ent volume is indicative of th e  size of 
the floes. The settling rate shows how the length of the  graft affects 
flocculation. T he supernatant clarity analyzes how well the flocculants are 
removing anionic clay particles from the media.
All of the  da ta  is analyzed relative to a  standard solution of kaolin clay. 
T he kaolin clay is a  pulverized dust so  that the particles of clay remain 
suspended  in solution. The concentration of kaolin clay is such  that the
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m enicus is easily recognizable during the testing of the standard, a  solution 
of kaolin clay without the flocculating agen t and the sample, a  solution of 
kaolin clay with the flocculating agen t added.
The settling rates are  calculated by the following equation: 
settling rate = 3.7 cm / time(sec)
In each  c a se  the rate w as estim ated by measuring the time required for the 
m enicus to drop a  volume of 80 ml or 3.7 cm. The normalized settling rate is 
calculated by the following equation:
normalized = settling rate of samplefcm/sec^ 
settling rate of standard (cm/sec)
The normalized increase in sedim ent volume is calculated by the following
equation:
sedim ent volume = fsample volume fmh - standard volume fmhl x 1 0 0
standard volume (ml)
Both the sam ple volume and standard volume w as m easured after 30
minutes.
Analysis of the settling ra tes (Table 2.1, 2.2, 2.3, and 2.4) shows that 
on average the polyquats 1.17 settled much faster than the diquats 1.16 and 
the diquats settled faster than the m onoquats 1.14. This is probably due to 
the length of the graft. The longer grafts can extend further into the media, 
thus decreasing the distance betw een particles. This analysis seem s to be 
confirmed by the settling rate  of the quatem ized long chain CMC-g-co- 
Jeffam ines which have the fastest settling rate.
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confirmed by the settling rate of the quatem ized long chain CMC-g-co- 
Jeffam ines which have the fastest settling rate.
In m ost ca ses , the quatem ized derivatives produce a  significant 
increase in sedim ent volume (Table 2 .5 ,2 .6 ,2 .7 , and 2.8) which indicates 
that larger particles, floes, a re  being formed. QCMCJ2001 and DQED show 
no change in sedim ent volume and QCMCJ230 actually shows a  d ecrease  in 
sedim ent volume. T hese  data  can  be explained by analyzing the supernatant 
clarity (Table 2.9). QCMCJ230, QCMCJ2001, and DQED were not effective 
in the removal of the anionic clay particle, there w as no change in 
supernatant clarity. Therefore most of the particles are still suspended  in the 
media. For anionic clay particle flocculation based on supernatant clarity, the 
polyquats, QCMCJ148, and QCMCJ600 a re  more efficient than the diquats, 
and  th e  diquats a re  more efficient than the monoquats.
Analysis of the data indicates that the  concentration of charge density 
on the  graft only moderately affects flocculation efficiency. The diquats 1.16 
and  polyquats 1.17, which contain an  average of two and five charges, 
respectively along the graft, flocculates anionic clay particles only slightly 
m ore efficiently than the m onoquats 1.14. Perhaps the polyquats and  diquats 
a re  behaving a s  m onoquats, only the terminal charges are  actively 
participating in flocculation. Comparison of the monoquats shows that 
extending the charge further from the cellulose backbone, QCMCJ148 and
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QCMCJ600, does increases flocculation efficiency, a s  indicated by the higher 
supernatant clarity and a  much faster sedim ent rate.
Formation of a  polyquatemary salt is critical. Derivatives in the primary 
and tertiary amino form failed to induce flocculation. Conversion to the 
quaternary ammonium derivatives using the synthetic procedures developed 
in this research is an excellent procedure for producing cellulosic 
polyquatemary ammonium salts.
T able 2.1. Settling R ates for the M onoquats
Monoquats standard 
time (sec) 
a t 80 ml
Sam ple 
time (sec) 
a t 80 ml
Normalized 
settling rate
MQED 130 231 0.56
MQNNED 129 256 0.50
MQ13DAP 93 134 0.69
MQNNDAP 274 262 1.05
T able 2.2. Settling R ates for the Diquats
Diquats standard 
time (sec) 
a t 80 ml
sam ple 
time (sec) 
a t 80 ml
Normalized 
settling rates
DQED 494 285 1.73
DQNNED 472 737 0.64
DQ13DAP 525 721 0.73
DQNNDAP 519 887 0.59
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Table 2.3. Settling R ates for the Polyquats
Polyquats standard 
time (sec) 
a t 80 ml
sam ple 
time (sec) 
a t 80 ml
Normalized 
settling rates
PQNNDAP 609 607 1 . 0 0
PQ2NNED 607 783 0.78
PQ5NNED 631 619 1 . 0 2
Table 2.4. Settling R ates  for the Q uatem ized Jeffamines*
Q uatem ized
Jeffam ines
standard 
time (sec) 
a t 80 ml
sam ple 
time (sec) 
a t 80 ml
Normalized 
settling rates
QCMCJ148 512 509 1 . 0 1
QCMCJ230 522 1 2 2 4.27
QCMCJ600 218 80 2.73
QCMCJ2001 495 194 2.55
* S ee  C hapter 3.2.4.4.1, Table 3.2 for synthesis.
Table 2.5. Sedim ent Volumes for the M onoquats
M onoquats standard 
sedim ent volume 
after 30 min.
sam ple normalized 
sedim ent volume sedim ent volume 
after 30 min. (% increase)
MQED 29 31 6.90
MQED 27 30 1 1 . 1 1
MQ13DAP 2 0 26 30.00
MQNNDAP 28 36 28.57
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T able 2.6. Sediment Volumes for the Diquats
Diquats standard 
sedim ent volume 
after 30 min.
sam ple
sedim ent volume 
after 30 min.
normalized 
sedim ent volume 
(% increase)
DQED 40 40 0 . 0 0
DQNNED 38 53 39.47
DQ13DAP 41 50 21.95
DQNNDAP 41 52 26.83
T able  2.7. Sedim ent Volumes for the Polyquats
Polyquats standard 
sedim ent volume 
after 30 min.
sam ple
sedim ent volume 
after 30 min.
normalized 
sedim ent volume 
(% increase)
PQNNDAP 45 52 15.56
PQ2NNED 44 53 20.45
PQ5NNED 42 ‘ 44 4.76
T able 2.8. Sediment Volumes for the Q uatem ized Jeffam ines
Q uatem ized
Jeffam ines
standard 
sedim ent volume 
after 30 min.
sam ple
sedim ent volume 
after 30 min.
normalized 
sedim ent volume 
(% increase)
QCMCJ148 39 42 7.69
QCMCJ230 40 33 -17.60
QCMCJ600 24 24 0 . 0 0
QCMCJ2001 38 38 0 . 0 0
* See Chapter 3.2.4.4.1, Table 3.2 for synthesis.
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Table 2.9. Supernatant Clarity b ased  on A bsorbance and %Transmittance
Derivatives M onoquats Diquats Polyquats Jeffam ines
(quatemized)*
CMCED 0.163 (68.7) 0.854 (14.0) 0.014 (96.7) 
(PQNNDAP)
0.038 (91.3) 
(QCMCJ148)
CMCNNED 0.293 (51.0) 0.017 (96.0) 0.015 (96.7) 
(PQ2NNED)
no visible
change
(QCMCJ230)
CMC13DAP 0.047 (89.9) 0.026 (93.8) 0.014 (96.7) 
(PQ5NNED)
0.033 (92.4) 
(QCMCJ600)
CMCNNDAP 0.016 (96.4) 0.027 (93.8) no visible
change
(QCMCJ2001)
(1) Standard solution of Kaolnite Clay: A bsorbance (1.100) and
% transm ittance (8 .0 0 ).
(2) T he % transm ittance values are  in paren theses.
(3)* S ee  C hapter 3.2.4.4.1, Table 3.2 for synthesis.
CHAPTER THREE. 
COMPATIBILITY
3.1 Introduction
Polymer-polymer compatibility has received much attention recently 
b ecause  polymer blends offer a  convenient, less expensive alternative to 
developing totally new polymers. Graft copolymers that exhibit a  two p h ase  
morphology can  function a s  compatibilizers/interfacial ag en ts  for polymer 
alloys and  blends. Compatibilizers are  one way of producing a  stab le polymer 
blend from two immiscible polymers. Similar to a  surfactant stabilizing oil- 
w ater mixtures, compatibilizers should enhance the stability and  properties of 
an immiscible polymer blend. Generally, block and graft copolymers would 
make good compatibilizers b ecause  each segm ent of th e  copolymer should 
penetrate the  p h ase  in which it is most identical, thus coupling the phases. 
This should result in stabilized more uniformly dispersed dom ains b ecau se  of 
the reduced interfacial energy between the phases. In addition, an  improved 
interfacial adhesion is achieved because the compatibilizers segm ents, which 
reside in sep ara te  phases, a re  linked covalently. The main criterion for 
enhanced  properties is the miscibility of the segm ents of the  copolymer into 
the respective polymer dom ains . 113
T he cellulose-synthetic polymer graft copolymers would function a s  
compatibilizers/interfacing agen ts for plastics and polysaccharides, thus, 
incorporating the  property of biodegradability to plastic. Generally, synthetic
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approaches to cellulose/starch- thermoplastic copolymers involved grafting by 
radiation-induced or chemically formed radicals .27 Som e other less studied 
routes to graft copolymers of cellulose are  ring- opening polymerization with 
cyclic vinyl or acrylic monomers, coupling of preformed polymers, generally 
polymer anions, onto the  active s ites  on cellulose backbone, or direct grafting 
with vinyl derivatives of cellulose. T h ese  methods are  reviewed later in the 
chapter.
Our synthetic approach involves a  polymer/ polymer condensation 
reaction. The facile amidation of methyl carboxymethyl cellulose with amine 
terminated polyoxyalkylenediamines (Jeffamines) introduces polyether grafts 
onto cellulose which would make cellulose more compatible with hydrophobic 
plastic matrices.
3.2 Degradable Plastics
Federal and sta te  legislatures a re  being pressured  to do something 
about the overflowing of landfills with plastic products, which take 
approximately 200 years to degrade. Resistance of som e communities 
against waste-to-energy incinerators, overflowing landfills, and the recycling 
efforts failing to match the dimension of the problem has  a  growing number of 
environmentalists and lawmakers viewing degradable plastics a s  a  m eans to 
extending the life expectancy of landfills. The su ccess  of the initial efforts 
with the degradable beverage connector rings, agricultural film, and garden 
bags has  lead to a  revived interest in degradable plastics. 114'11S Two general
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approaches to the environmental degradation of plastics are 
photodegradation by exposure to ultra-violet light, or biodegradation by the 
attack of enzym e from bacteria or fungi. Environmental degradation is 
enhanced  through (1 ) incorporating biodegradable fillers such a s  starch in 
with the  polymer, (2 ) synthesizing polymers and  copolymers with 
photodegradable sensitizing groups a s  a  moiety of the monomers, (3) adding 
small am ounts of additives that increase the rate of oxidative or 
photooxidative degradation . 116
3.2.1 P h o to d eg rad a tio n
The incorporation of carbonyl bonds into polyethylene by reacting 
ethylene with carbon monoxide produces degradable low density 
polyethylene. The absorption of ultra-violet light by carbonyl bonds cau ses  
the polymer to break-down into shorter w eaker chains. The photodegradable 
ethylene/carbon monoxide copolymer is produced by Dow Chemical 
Company, Du Pont Company, and  Union Carbide Corporation . 114,115 The 
Canadian firm, EcoPlastics Ltd., in tersperses vinyl ketone carbonyl groups 
into polyethylene, polystyrene, and  polypropylene during synthesis to make 
photodegradable ketone copolymers. The polyethylene/ketone copolymer is 
used  in Italy to make grocery b ag s . 114,115 Photodegradation in plastics can  be 
induced by the addition of certain additives that absorb ultra-violet light. 
Ampacet Corporation incorporates a  proprietary additive susceptible to ultra­
violet light to degrade linear low density polyethylene. W ebster Industries
u se s  the material to make trash bags. Ideam asters Inc. is the licenser of 
another additive developed by Israel’s  College of Technology that u ses  
organometallic chemicals to precisely control induction of degradation in 
polyolefins. The additives absorbs ultra-violet light which re leases  a  metal ion 
that can act a s  a  catalyst in cleaving the polymer chains. The additives a re  
used  in Israel to make mulch, an  agricultural film. Princeton Polymer Labs 
developed an  additive system  that com bines a  photoactivator and  prooxidant 
synergistically to break-down polymer chains. T he additive is suitable for u se  
in polyolefins and polystyrene . 114,115
3.2.2 B iodegradation
The bacteria that cau ses  degradation in th e  naturally occurring 
biopolymers starch and cellulose thrive in soil, sew age, and marine 
environments, the conditions w here degradation is desired. Thus 
incorporating starch and cellulose into plastics would give a  new class  of 
engineering materials that would p o ssess  the property of biodegradability. 
Biodegradability can be accomplished by adding the  polysaccharide in a s  a  
filler or by grafting the polysaccharide onto the thermoplastic. This new family 
of biodegradable thermoplastic copolymers would be  capable of forming 
hom ogeneous blends with synthetic thermoplastic polymers or function a s  a  
compatibilizing/ stabilizing agent for blends of cellulose and starch with 
synthetic plastics.
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3.2.3 Fillers
The U.S. Departm ent of Agriculture developed a  p rocess of mixing com 
starch, a  natural additive or filler, with poly(ethylene-co-acrylic acid ) , 114,117*123 
polyethylene , 118,123 polyvinylchloride, 119 and  poly(vinyl alcohol) . 122 Agri-Tech 
Industries plans to u se  this technology to m ake blown films for u se  a s  
agricultural mulch . 114 Microorganisms attack the starch causing the film to 
degrade. St. Lawrence Starch produces a  starch-silane derivative that 
functions a s  a  compatibilizer with polym ers . 114 T he polymer blends degrade 
when placed in biologically active environments. Microbes consum e the 
starch leaving a  porous structure that disintegrates. The biodegradable 
starch additive is used  in the  production of trash  bags and bottles . 124*128
3.2.4 Graft Copolymers
3.2.4.1 Radical Polymerization Approach
Generally the preparation of cellulosic graft copolymers involves free 
radical mechanism under heterogeneous conditions. F ree radical grafting 
m ethods includes: (1 ) ionizing radiation w here macrocellulosic free radicals 
are  generated  directly on the  cellulose by interaction with ultra-violet, gamma, 
and electron radiation, (2 ) redox reactions in which the free radical formed 
can abstract a  hydrogen from cellulose forming the  macrocellulosic free 
radical, or (3) metallic complexations of cellulose with metallic ions that upon 
re lease  of the metallic ion in a  lower oxidation s ta te  results in the formation of
a  free radical on cellulose . 27 Unfortunately, the radical polymerization 
m ethods do not allow for control over the grafting process. Therefore, control 
over m olecular weight, molecular weight distribution, degree of substitution, 
and  nature and  point of attachm ent which leads to cellulose- synthetic 
polymer graft copolymers of controlled structure and defined architecture is 
hard to achieve. The major disadvantages of the radical polymerization 
approach  a re  (1 ) the homopolymerization of the vinyl monomer which is hard 
to rem ove b ecau se  it em beds itself into the cellulose/polymer matrix, (2 ) no 
control over the position w here the reactive sites are  initiated on the  polymer 
backbone or the molecular weight of the synthetic polymer graft and  (3) 
cross-linking usually occurs under the reaction conditions. Several extensive 
reviews have been  written on the subject. 1,27,129*13S
3.2.4.2 D irect G rafting o f Vinyl D erivatives o n to  C ellu lose 
T he introduction of vinyl groups onto cellulose affords a  reactive site 
for preparing graft copolymers via radical or ionic initiation m ethods . 25,136,137 
Lee prepared  vinyl derivatives of cellulose by reacting 0-(3-Aminopropyl)- 
cellulose with 2-isocyanatoethyl methacrylate (ICEMA) in pyridine. The 
copolymerization of the  vinyl cellulosicwith methyl acrylate, methyl 
m ethacrylate, and  styrene in the presence of various radical initiators w as 
attem pted . 10 Akelah successfully prepared vinyl derivatives of cellulose . 136
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3.2.4.3 Coupling of Preformed Polymers
The coupling of preformed polymers onto cellulose and cellulose 
derivatives have several advantages over the  radical polymerization method. 
It eliminates the possibility of forming homopolymer, gives precise control 
over the molecular weight of the grafted polymer, and  affords high grafting 
efficiencies onto cellulose. Polyesters containing terminal acid chloride 
groups w ere coupled onto cellulose through the  acid chloride moiety to 
p repare cellulose-polyester graft copolymers . 139 Similarly, short chain acid 
chloride terminated polystyrene were grafted on to cellulose through the 
hydroxyl groups . 140 M ansson and W estfelt grafted, through a  esterification 
reaction, anionically prepared polystyrene haying a  carboxylic acid terminal 
group with cellulose ace ta te . 141,142 The carboxylic acid terminal group w as 
activated by converting to a  acid chloride group or by reaction with 
trifluoroacetic anhydride.
Narayan’s  group has  reported grafting living polystyrene 143'14SJ partially 
hydrolyzed poly(methyl methacrylate ) , 145,146 or preformed polyamide , 145,147 
onto mesylated/ tosylated cellulose. The reaction m echanism  involves a  
nucleophilic displacement of the sulfonic es te r moiety, a  good leaving group, 
with the  polymer anion. This synthetic approach affords cellulose-synthetic 
polymer graft copolymers of controlled structures and defined architecture.
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3.2.4.4 G rafting  o f  Polyoxyalkylenediam ines on to
M ethylcarboxym ethylcellu lose to  P repare  C ellu losic  G raft 
C o p o ly m ers
The grafting of polyethers on to cellulose w as accomplished through 
the ring-opening polymerization of a-epoxides on to activated cellulose . 148-150 
Unfortunately, there  w as little control over the grafting efficiency. Lee, using 
0-(3-aminopropyl cellulose) a s  the macroinitiator, prepared graft copolymers 
of ethylene oxide and  propylene oxide . 10 The graft copolymers w ere insoluble 
in all solvents. T he facile amidation of methyl carboxymethyl cellulose with 
am ine terminated polyoxyalkylenediamines (Jeffamines) afforded w ater 
soluble graft copolymer cellulosics.
3.2.4.4.1 S y n th e s is  o f  th e  C ellulosic G raft C opolym ers
The MCMC es te r  1.10 reacts under hom ogeneous conditions with neat 
Jeffam ines to produce w ater soluble cellulosic graft copolymers 3.1 (Table 
3.1). The conversion of the  MCMC este r to the cellulosic graft copolymers 
occurs through the  amidation mechanism (Schem e 3.1). The derivatives are  
purified by dialysis an d  lyophilized. Analysis of the FTIR spectra show ed the 
appearance of the am ide I a t 1590 cm*1 and the loss of the MCMC este r 
carbonyl band a t 1746 cm *1 which confirms the  amidation of the MCMC este r 
(Figure 3.1). An increase in the band a t 1100 cm ’ 1 indicates the p resence  of 
the ether moiety of th e  Jeffam ines. Analysis of the 1H NMR spectra show s the 
anhydroglucose ring protons appear a s  a  broad peak, 3.00-4.50 ppm (Figures
3.2 and  3.3). For the  copolymers prepared from Jeffamines of 2001 ,600 , and
75
230 molecular weight, two pairs of doublets appear a t 1.1 and  1.2 ppm from 
the  ether moiety of the  polyoxyalkylenediamine (Figures 3.2 a ,b  and  3.3). For 
the copolymer prepared with Jeffamine 148, triplets ap p ears  a t 3.0 ppm and
3.6 ppm for the methylene protons next to the terminal amino groups (Figure 
3.2c). Analysis of the 13C NMR spectra show s the p resence of the 
anhydroglucose ring carbons, C1 and C6  a t 105.0 ppm and 63.0 ppm, 
respectively and  the C2-C5 carbons overlapping from 70.0-85.0 ppm for 
copolymers prepared from Jeffamines 230 and 148 (Figures 3.5 and  3.4c). 
The carbon signals of the  anhydroglucose group are  barely detected  for the 
copolymers prepared with Jeffamines 600 and 2001 (Figures 3.4 a,b). 
Residual MCMC este r is also  detected in the 13C NMR spectra by the carbonyl 
signal at 180 ppm but not seen  in the FTIR spectra for es te r carbonyls. T he 
am ide carbonyl is also  presen t at 177.0 ppm.
Q uatem ized cellulosic graft copolymers 1.18 a re  prepared by slurrying 
in iodom ethane for 3 days. The swollen gelatinous mixtures w ere purified by 
pouring into acetone and  then w ashed and filtered with copious am ounts of 
acetone. The yellow papery products w ere dried under vacuum (Table 3.2). 
The flocculation activity is d iscussed in C hapter 2. The degree of substitution 
(DS) w as determ ined using the indicator method (Table 3.2).
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__________T able 3.1. Preparation of Cellulosic Graft Copolymers 3.1____________
Derivatives Jeffamine MCMC (g) Premix conditions yield (g)
_______________ M ____________________________________________________________________
044 25.0 1.03 3  days 1 day, 90°C 0.81 (79%)
J148
045 25.0 1.05 3 days 1 day, 90°C 1.02(97% )
J230
046 25.0 1.01 3  days 1 day, 90°C
J600
047 25.0 1.07 1 days 1 day, 90°C 1.98
J2001
017 40.0 1.09 1 wk, 1.07(98% )
J230 100°C
027 20.0 0.50 1 wk, 0.82
J600 100°C
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T able 3.2. Q uatem ization of the Cellulosic Graft Copolymers
Derivatives starting (g) yield(g) DS (Titration)* 
mea/a
CMCJ148 • 0.51 0.425
CMCJ230 0.33 0.29 0.024
CMCJ600 0.42 0.27 0.026
CMCJ2001 0.35 0.08 0.034
‘ Indicator method; A/=8.7x10-5 eq/l
S ch em e  3.1. Synthesis of Cellulosic Graft Copolymers 3.1
OH
OH
1.10
JEFFAMINES
H2O CH 2CNHCH-CH2-(O CH -CH J-O fCH fCH J- (O C H ^ H ^  NH2  
1 1  C H , CH3  °  b CH3
n 3.1
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F igure 3.1. Comparison of the FTIR spectra of the cellulosic graft copolymers 
3.1 with the starting material, MCMC es te r  1.10.
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Figure 3.2. 1H NMR Spectra of cellulosic graft copolymers 3.1 (a)
CMCJ2001and (b) CMCJ600 in D20.
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Figure 3.3. 1H NMR Spectra of cellulosic graft copolymers (a) CMCJ148
and (b) CMCJ230 in D20.
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Figure 3.4. 13C NMR Spectra of cellulosic graft copolymers 3.1 (a)
CMCJ2001 and (b) CMCJ600 in D20 .
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Figure 3.5. 13C NMR Spectra of cellulosic graft copolymers 3.1 (a) CMCJ148
and (b) CMCJ230 in D20.
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3.2.4.4.2 Therm al A nalysis o f  C ellu losic G raft C opo lym ers
To place the DSC traces into perspective, Figure 3.7 contains all the 
labeled transitions to be used  a s  a  reference when analyzing the data  in the 
Table 3.3 and Figure 3.6. The DSC trace of the MCMC es te r  1.10, starting 
material, show s two transitions, a  TMi, 90 .3°C , and a  Td(exotherm), 300.1 °C. 
Amidation lowers the Tmi for the cellulosic graft copolymers, CMCJ148 and 
CMCJ230, by -2 0  °C to 68.0 °C and 69.4 °C, respectively. The CMCJ148 and 
CMCJ230 also  contain an additional Tm2 at 191.0°C and 186.8°C, 
respectively, which is lowered by -2 0  °C for CMCJ600 and CMCJ2001 to 
160.3°C and 165.1 °C, respectively. The Tm corresponding to the  melting of 
the side-chain is present a t 41.4°C in the CMCJ2001 graft copolymer but 
side-chain transition is not detected for the other graft copolymers. DSC 
shows a  ~10-20°C increase in the decomposition tem perature in comparison 
with the starting material. 15,30
T able 3.3. Comparison of the DSC Transitional Tem peratures for Cellulosic 
Graft Copolymers_______________________________
Derivatives Ti Tmi Tm2 Td (Tdj) (exo)
MCMC
CMCJ2001
CMCJ600
CMCJ230 -27.1
CMCJ148 -83.0
90.3
41.4
69.4  
68.0
165.1
160.3
186.8
191.0
233.3
245.5
248.4  
241.3
300.1
314.0 (409.1)* 
311.3(413.3) 
315.5
321.1
* Endotherm
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Figure 3.6. A comparison of DSC traces of cellulosic graft copolymers 3.1
(CMC-co-Jeffamines) to the starting material, MCMC ester 1.10.
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Figure 3.7. A DSC reference trace of cellulosic graft copolymer CMCJ230 to
analyze the transitions in Table 3.3.
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To analyze the TGA data, all the  transitions a re  labeled in Figure 3.9. 
The TGA traces  (Figure 3.8) show that the cellulosic graft copolymers 
underwent an initial decomposition,Tdi, that w as not present in the  starting 
materials, CMC salt or MCMC ester. This probably corresponds to initial loss 
of the polyoxyalkylene side- chain. Interestingly, amidation with th e  high 
molecular weight Jeffam ines increases the thermal stability of CMC salt and 
MCMC ester, significantly (Table 3.4). Most probably this increase in thermal 
stability is due to the ability of the longer side-chains to undergo chain 
entanglem ent. The cellulosic graft copolymers leave significantly less  char at 
500 °C than  the starting materials (Table 3.4). In fact, the higher the 
molecular weight of the grafted side- chain, lower the percentage of char 
remaining. This is also indicative of highly substituted aminoamide 
cellulosics . 15,30
3.2.4.4.3. Nylon Blends with the Cellulosic Graft Copolymers
To determ ine whether or not the  cellulosic graft copolymers 1.18 could 
behave a s  compatibilizers, a  film w as cast from a  aqueous solution of the 
cellulosic graft copolymers and  nylon from formic acid. The nylon 6 , 6  w as 
dissolved in formic acid (8 8 % solution) and then the water soluble graft 
copolym ers w ere added. An aliquot of the solution w as pipetted onto a  g lass 
plate and  the  solvent removed at 70 °C. The blends w ere analyzed using 
DSC, TGA, and DMA. 151' 156
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Table 3.4. Comparison of TGA Decomposition Tem peratures of Cellulosic 
Graft Copolymers 3.1 to the Starting CMC salt 1.8 and MCMC 
este r 1 . 1 0
Derivatives Tdi Td2 Td3 Td4 char at 
500 C
CMC 264.4 276.1 288.3 39.1%
(11.3%) (25.5%) (51.5%)
MCMC 244.5 301.3 345.8 33.0%
(14.1%) (37.6%) (58.9%)
CMCJ2001 276.9 374.6 392.8 407.4 8.7%
(3.3%) (21.5%) (58.5%) (90.1%)
CMCJ600 153.4 293.9 350.7 398.9 12.5%
(6.6%) (14.1%) (47.6%) (85.3%)
CMCJ230 154.1 281.8 311.8 336.1 21.8%
(6.2%) (20.3%) (44.9%) (64.8%)
CMCJ148 169.8 288.8 321.3 341.9 21.2%
(9.0%) (15.2%) (44.7%) (63.8%)
(1) The percen tages in parenthesis represent the weight loss at that 
tem perature.
(2) The char percentage is the amount that rem ains at 500°C.
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Figure 3.8. A comparison of TGA traces of cellulosic graft copolymers 3.1
(CMC-co-Jeffamines) to the starting material, MCMC ester 1.10.
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Figure 3.9. A TGA reference trace of cellulosic graft copolymer CMCJ230 to
analyze the transitions in Table 3.4.
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The general criterion for polymer-polymer miscibility is a  single 
composition dependent g lass transition temperature, Tg, w hereas immisicible 
polymers exhibit a  Tg associated  with each  polymer phase. Analysis of the 
DMA trace for CMC gave four tan8  transitions a t 50.1 °C, 130.0°C, 167.3°C, 
and  22 4 .8 °C (Figure 3.14b). For the cellulosic graft copolymers, one tan 8  
appeared  at 163.3 (CMCJ148), 143.1 (CMCJ230), 50.6 (CMCJ600) (Figure 
3.13a, 3.12a, and  3.11a). CMCJ2001 showed two tanS transitions a t 58.5 and 
38.4 which a re  attributed to the  cellulose and Jeffamine 2001 graft, 
respectively (Figure 3.10a). The transitions for the short chain grafts, 
CMCJ148 and CMCJ230, occur a t a  much higher tem perature than the longer 
chain grafts, CMCJ600 and CMCJ2001. The tanS is probably affected by the 
length of the grafts and their ability to form tight entanglements. Evidently the 
shorter grafts a re  able to form tighter, more com pact entanglem ents a s  
opposed to the longer grafts.
DMA analysis of nylon and  the cellulosic graft copolymers exhibit a  
transition between 50-70 °C, therefore making it difficult to determ ine if there 
w as a  shift in the Tg for the blends using DMA. The Tg of nylon w as 
determ ined to be  57.5 °C using DMA (Figure 3.14a). Comparison of the DMA 
traces for nylon and nylon/ cellulosic graft copolymers blends (60/40 wt/wt %) 
indicated possible miscibility of nylon with CMCJ600 and CMCJ2001 graft 
copolymer. The new T g’s  of the  nylon/CMCJ600 blend appeared  a t 74.0 °C,
162.1 °C, and 235.2°C (Figure 3.11b). T he nylon/CMCJ2001 blend shows 
only th e  Tg for the J2001 graft and no other tanS transitions (Figure 3.10b). 
The cellulosic graft copolymers, CMCJ148, CMCJ230, formed immisicible 
blends a s  indicated by the Tg of the nylon appearing a t 61.8°C and 55.2 °C, 
respectively and the graft copolymers a t 159.0°C and 149.6°C, respectively 
(Figures 3.13b and 3.12b)
Analysis of the DSC traces for the Tg’s  of the nylon and blends w as not 
clearly discernible with DSC (Table 3.5). Blending with nylon caused  a  shift 
in the TMi of cellulosic graft copolymer of CMCJ148 (68.0 °C) and CMCJ230 
(69.4 °C) to 56.8 °C and 63.4, respectively for the blends (Figure 3.17 and 
3.18). This lowering of the transition is attributed to immisicibility between the 
nylon and  CMCJ148 and CMCJ230. New melt transitions (TMi) appear for 
blends of CMCJ600 (68.0 °C) and CMCJ2001 (65.2 °C), which w ere not 
present in the cellulosic graft copolymers (Figures 3.15 and  3.16). A shift in 
the second  transition Tm2 for the blends also  occurs a t 160.3 °C 
(CMCJ600/nylon) and 165.1 °C (CMC J2001/nylon) from 150.5°C (CMCJ600) 
and 151.9°C (CMCJ2001) for the cellulosic graft copolymers. The increase in 
the T m' s  for CMCJ600 and CMCJ2001 blends is attributed to partially 
immisicibility in the blends. The transition (Tmn) at 260°C  is associated  with 
the melting of nylon. All of the cellulosic/ nylon blends exhibited a  
significantly higher decomposition tem perature (Taj) than  the nylon and 
cellulosic graft copolymers (Table 3.5)
The TGA data (Table 3.6) show  the blends of nylon and cellulosic graft 
copolymers, CMCJ148, CMCJ230, and CMCJ600 underwent two 
decomposition transitions, Tdi, and T^, that are attributed to the initial loss of 
polyoxyalkylenediamine graft and nylon, respectively (Figure 3.19). 
Approximately the sam e am ount of material is being lost at the transitions.
The blends have a  higher final decomposition tem perature, Td3 , than the 
nylon. The amount of char remaining at 500 °C for nylon (1.0%), CMCJ230 
(2.2%), CMCJ600 (0.6%), and  CMCJ2001 (3.6%) is significantly lower than 
that of CMCJ148 (16.6%). The am ount of char could indicate partial 
misicibility and that the blends a re  decomposing, for the most part, a s  a  single 
composition. The CMCJ148 and nylon a re  immisicible and the two phases  
decom pose separately. The char remaining is com posed mostly of the less 
volatile cellulose.
T able 3.5. Comparison of the DSC Transitional Tem peratures for Cellulosic
Graft Copolymers/ Nylon blends
Blends T mi T m2 T mi Td2
•CMCJ2001 65.2 151.9.0 260.9 416.1
CMCJ600 68.0 150.5 260.9 420.3
CMCJ230 62.4 164.4 259.5 425.9
CMCJ148 56.8 259.5 417.5
NYLON 56.8 260.9 357.4
*CMCJ2001 has a  TM at 34.4°C which corresponds to the melting Jeffamine 
side-chain.
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T able 3.6. Comparison of the TGA Transitional Tem peratures for Cellulosic 
___________ Graft Copolymers/ Nylon blends______________________________
Derivatives Tdi T«fi Td3 T« Tds char at 500C
nylon 331.8 367.2 405.6 1.0%
(7.8%) (54.3%) (96.7%)
CMCJ2001 370.8 400.1 423.6 3.6%
(15.9%) (56.8%) (96.0%)
CMCJ600 216.0 294.8 383.2 408.5 431.8 0.6%
(9.2%) (15.6%) (37.2%) (68.2%) (97.5%)
CMCJ230 179.9 291.1 . 389.8 411.7 433.7 2.2%
(7.9%) (17.1%) (36.2%) (65.8%) (95.5%)
CMCJ148 212.8 283.3 387.6 408.5 429.1 16.6%
(8.4%) (16.0%) (40.8%) (61.0%) (80.9%)
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Figure 3.17. A comparison of DSC traces for CMCJ230, CMCJ230/Nylon
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CHAPTER FOUR.
AMINOLYSIS OF CYANOETHYLATED CELLULOSE 
4.1 In troduction
Cyanoethylation of cellulose is a  heterogeneous reaction of cellulose and 
acrylonitrile under mildly alkaline conditions (Schem e 4.1). T he reaction takes 
place via Michael addition. Careful control of the tem perature and  catalyst 
concentrations a re  necessary  to minimize hydrolysis of the cyano group, inhibit 
homopolymerization of the acrylonitrile, prevent the formation of by-products, 
and shift the equilibrium toward alkylation . 27'30
S ch em e 4.1. Synthesis of Cyanoethylated cellulose (CEC) 4.2
H2 OH
OH
OH
4.1
CH< CHCN 
— ►
CHoOCHoCHoC —  N 
v 2  . o  2
^ N a O H
OH
4.2 
CEC
The degree  of substitution affects the final properties of the derivative. At 
low DS (0.5), cyanoethylated cellulose 4.2 becom es resis tance  to thermal and 
enzymatic degradation a s  well a s  improves the dim ensional stability and 
abrasive resistance  in fibers and  paper. Highly substituted cyanoethylated 
cellulose has  an  unusually high dielectric constant, 1 0 -1 2 , coupled with a  low 
dissipation factor, 0 .0 2 . 27*30
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T he nitrile group of cyanoethylated cellulose 4 .2 can  undergo 
hydrolysis and reduction. Hydrolysis occurs when CEC is treated under 
alkaline conditions to give carboxyethyl cellulose but decyanoethylation also  
occurs . 157,158 The nitrile group can  b e  reduced to the prepare 
carbamoylethylcellulose by treatm ent with hydrogen peroxide in the p resence 
of dilute base.
Daly and Munir prepared 0-(3-aminopropyl) cellulose macroinitiators 
by the diborane reduction of cyanoethylated cellulose . 159 Unfortunately, this 
compound w as not soluble in either organic or aqueous solvents. The 
reactivity of the amino functional group w as dem onstrated by the grafting y- 
benzyl-N-carboxy-a-L-glutamate onto the aminopropyl cellulose. The 
resultant graft copolymers rem ained insoluble and  thus w ere difficult to 
characterize . 8"10
Tsukam oto et al160 dissolved cyanoethylated starch (DS=1.18) in DMF 
and treated  the solution with ethylene diamine and  thioacetam ide for 4  hours 
at 100°C. The product w as precipitated in acetone and afforded a  cellulose 
derivative containing 0.5 imidazoyl group per glucose unit. Dragan e t al 
show ed that imidazolines can  be prepared by reacting diam ines with cupric 
ace ta te . 161 Dockner and Frank prepared polyelectrolytes by treating 
polyacrylonitrile with w ater an d  various diam ines . 162 Aminolysis of 
cyanoethylated cellulose affords a  water-soluble aminoamide cellulosic with 
the carboxyamide linkage extended by one carbon atom.
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4.2 S y n th esis  o f  A m inoalkylcarbam oylethyl C ellu losics
Cyanoethylated cellulose w as dissolved in DMF and treated with 
excess diamines o r Jeffam ines. W ater w as employed a s  a  catalyst. The 
reaction mixtures w ere refluxed or heated to 90-100°C for days (Table 4.1 and 
Schem e 4.2). The reactions w ere cooled, dialyzed, and freeze-dried. The 
oven-dried products 4 .4  w ere titrated conductrimetrically with perchloric acid 
and dioxane to determ ine the  degree  of aminolysis.
S chem e 4.2. Synthesis of Aminoalkylcarbamoylethyl Cellulosics
CH2OCH2CH2CNH(CH2) NR2
CH2OCH2CH2CN
NH2(CH2)N R2 /
—V -O -^ n  
b c H 2CH2CN
The utilization of w ater a s  a  catalyst for the aminolysis of cyanoethylcellulose 
yielded a  partially am idated derivative 4.4 (Schem e 4.2). Unfortunately, 
neither decyanoethylation nor the  reverse Michael reaction could be 
controlled, resulting in the loss of the substituent from the anhydroglucose 
ring and  a  low degree of substitution for the derivatives (Table 4.3).
In the p resence of water, the proposed m echanism occurs in two steps 
(1 ) aminolysis of the  nitrile group from the nucleophilic attack of diamine to 
form the imide intermediate group and (2 ) hydrolysis of the imide intermediate 
with the loss of ammonia to th e  am ide group (Schem e 4.3). Possible
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hydrolysis of the cyano group to form carboxyethyl cellulose is suggested  by 
the additional singlet at 8  ppm in the ’H NMR spectra (Figures 4.3 and 4.4). 
However, the carboxyiic acid group is not seen  in the FTIR. Cyclization to the 
imidazoyl group can also occur when the unsubstituted diamines, such a s  
ethylene diamine are used  a s  evident in the 13C NMR (Figure 4.3a). The 
attem pted reaction with cupric acetate  a s  a  catalysis afforded only 
decyanoethylated cellulose a s  the product (Schem e 4.3). The proposed 
mechanism involves formation of the imidazoyl group. Under the reaction 
conditions, loss of the imidazoyl group or amide groups to cellulose seem  to 
be the desired mechanism.
S chem e 4.3. Proposed Intermediates during the Aminolysis of CEC
CELL-OCHjCHjC ^ N
NH2 CH2 CH2 NH2  
Cu(oAc)2 
\  reflux
NH2 CH2 CH2 NH2
l+jO
reflux /
O
I I CELL — OCHjCHjC =  Nv
CELL— OCHjCHjCNHCHjCHjNHj
BASE
BASE
CELL-OCHjCHjCNHCHjCHjN ^
+
O
I I
CH^CHCNHCHjCHjNHj
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Replacing the short chain diam ines with polyoxyalkylenediamine 
afforded cellulosic graft copolymers 4.5, extended by one m ethylene group 
(Schem e 4.4 and Table 4.1). The only derivative to show an  increase  in 
weight w as prepared from th e  polyoxyalkylene diamine, J2001 (Table 4.1). 
The polymer may be  solvating the  nitrile groups preventing 
decyanoethylation. There w as no evidence of the hydrolysis of the  nitrile 
group to carboxyethyl cellulose.
S ch em e 4.4. Synthesis of Cellulosic Graft Copolymers from CEC
CH2 OCH2 CH2 CN
\  OCHo 
OH
x
i2 c h 2c n
Jeffamines
CH2 OCH2 CH2  
OH 0H
1 NHCHCH2 (OCHCH2) (OCH2 CH2 ) (OCH2 CH) n h 2
CH.
a
H3
4.5
c h 3
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derivatives cec(g ) amine (mi) time temperature
(°C)
yield
(9)
CECJ148 1.07 10.0
J148
3days 95-100 0.52
CECJ230 1.04 10.0
J230
4days 95-100 0.60
CECJ600 1.05 10.0
J600
3days 100-105 0.65
CECJ2001 1.00 10.0
J2001
3days 100-105 4.52
CECNNED 1.02 10.0
N,N dimethyldiaminopropane
1day 100-105 0.42
CECED 1.04 10.0
ethylenediamine
1day 100-105 0.65
CEC13DAP 1.07 10.0
1,3diaminopropane
1day 100-105 0.65
CECNNDAP 1.05 10.0
N,N dimethylethylenediamine
1day 100-105 0.60
1 1 1
Analysis of the FTIR spectra  of th e  resultant derivatives show the 
formation of carbonyl peak  a t 1662 cm *1 in the  CEC am ides (Figure 4.1 and 
4.2). The am ide I and II bands a t 1662 and  1530 cm*1, respectively, confirms 
the formation of the amide from cyanoethyl group. Only a  residual amount of 
nitrile group is evident at 2250 cm-1 for CECNNDAP and CECJ600.
Analysis of the 1H NMR spectra  d o es  not indicate positional isomers, 
although the degree of substitution for CEC 4.3 is approximately two based  on 
the solubility of the CEC in DMF and analysis of the 1H NMR spectra in 
DMSO. The reference spectra  of CEC in DMSO show s two se ts  of triplets 
(broad and overlapping) a t 3.7 ppm (OCH2) and 2.7 ppm (CH2CN).
Extending the carboxyamide by a  m ethylene group, reduces the interaction of 
the substituents with the anhydroglucose ring. This effect is seen  in the 
resolution of the  1H NMR spectra  and  decreased  viscosity of the CEC amides 
(Chapter 6 ). Analysis of the 1H NMR spectrum  for the  carboxyethyl 
aminoamide cellulosic 4 .4  show s th e  doublets associated  with the 
anhydroglucose protons, and  the am ide proton (CONH) a t 7-8 ppm, which are 
not clearly observed for the  am inoam ides cellulosics prepared with CMC 
(Figure 4.3 and 4.4).
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F igure  4.1. Comparison of the FTIR spectra of the CEC aminoamides.
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Figure 4.2. Comparison of the FTIR spectra of the CEC cellulosic graft 
copolymers.
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Figure 4.3. 1H NMR Spectra of CEC aminoamides (a) CECED and (b)
CECNNED in NaOD.
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Figure 4.4. 1H NMR Spectra of (a) CEC13DAP and (b) CECNNDAP in
NaOD.
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Figure 4.5. 13C NMR Spectra of CEC aminoamides (a) CECED and (b)
CECNNED in NaOD.
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Figure 4.6. 13C NMR Spectra of (a) CEC13DAP and (b) CECNNDAP in
NaOD.
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Analysis 13C NMR indicate possible cyclization with the  derivatives 
prepared for ethylene diamine (Figure 4.5a) and  Jeffam ine 2001 (Figure 
4.9a). The CECJ2001 derivative appears to b e  th e  cyclic imide becau se  only 
one carbonyl signal is observed and it is located a t 166 ppm. T he CECED 
contains carbon signals indicative of both the imidazoyl group a t 166 ppm and 
the am ide group a t 177 ppm. The carbonyl signal for the remaining 
carboxyethyl aminoamide cellulosics arises a t 177 ppm. The anhydroglucose 
ring C2-C6 carbons are  located 52-80 ppm. T he C1 carbon of the 
anydroglucose ring is located a t 105 ppm. (Figures 4 .5  and 4.9)
The degree of aminolysis (Table 4.3) w as determ ined 
conductrimetrically and by elemental analysis (Table 4.2). T he oven dried 
cellulosics w ere refluxed in glacial acetic acid and  titrated with perchloric acid 
and  dioxane. The degree of aminolysis w as determ ined using equation 1.1, 
modified ASTM method, and  also determined by the %nitrogen d a ta  from 
elem ental analysis with the following equation:
%N= 28x 
[b + cx]
w here %N=actual value of nitrogen from elem ent analysis, b= molecular 
weight of the unsubstituted anhydroglucose, 162.14 g/mol, c= molecular 
weight of the grafted substituent, and X= degree of aminolysis.
The theoretical values for elemental analysis w ere determ ined by 
calculating the ratio of anhydroglucose units to grafted substituents. The
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num ber of anhydroglucose units w as based  on the %carbon found in the 
elem ental analysis by the following equation:
%C= ax +b
cx+ d  equation 4.1
w here %C= actual percen tage of carbon in the derivative; a= molecular
weight of carbon in the unsubstituted anhydroglucose unit, 72 g/mol; b=
molecular weight of carbon in the grafted substituent, c= molecular weight of
the unsubstituted anhydroglucose unit, 162.14 g/mol; d= molecular weight of
the grafted substituent; and x= number of anhydroglucose units. The extent
of grafting w as calculated from the following equation:
%N= ax 
cy+dx
w here %N= the  actual percen tage of nitrogen in the derivative; a= molecular 
weight of nitrogen in the  grafted substituent, 28 g/mol; c= molecular weight of 
the unsubstituted anhydroglucose unit, 162.14 g/mol, y= number of 
anhydroglucose rings determ ined from equation 4.1, d = molecular weight of 
the grafted substituent, g/mol; and x= number of grafted substituents.
The difference in the degree of aminolysis (Table 4.3) calculated by 
th ese  m ethods is attributed to the possible cyclization or cross-linking of the 
derivatives. If cross-linking or cyclization occurs, the amino end groups are  
no longer available for quatem ization and subsequent titration with perchloric 
acid/ dioxane solution. The reactions gave a  50-60% yield and theloss 
substitution due to the reverse Michael reaction is quite evident during 
dialysis, undissolved cellulose appears in dialysis tubing.
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Figure 4.7. 1H NMR Spectra of cellulosic graft copolymers of CEC-co-
Jeffamines (a) CECJ2001 and (b) CECJ600 in NaOD.
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Figure 4.8. 1H NMR Spectra of cellulosic graft copolymers (a) CECJ148
and (b) CECJ230 in NaOD.
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Figure 4.9. 13C NMR Spectra of cellulosic graft copolymers of CEC-co-
Jeffamines (a) CECJ2001 and (b) CECJ600 in NaOD.
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Figure 4.10. 13C NMR Spectra of cellulosic graft copolymers (a) CECJ148
and (b) CECJ230 in NaOD.
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T able 4.2. Elemental Analysis of Aminoalkycarbamoyethyl Cellulosics 
Derivatives % hydrogen %carbon %nitrogen %oxygen
CEC actual: 5.91 54.58 12.50 27.01
theoretical: 5.96 56.07 13.08 24.90
CECED actual: 6.75 33.77 11.03 48.45
theoretical: 7.71 45.88 11.47 34.94
CECNNED actual: 6.61 45.83 4.01 43.55
theoretical: 7.06 47.01 4.16 41.77
CEC13DAP actual: 6.31 42.44 2.50 48.75
theoretical: 6 . 6 6 45.67 2.81 44.86
CECNNDAP actual: 7.04 42.71 7.97 42.48
theoretical: 8.31 52.04 7.88 31.77
CECJ230 actual: 6.47 47.16 3.32 43.05
theoretical: 7.70 49.53 3.32 39.46
CECJ600 actual: 6.94 46.87 1.69 44.50
theoretical: 7.58 49.37 1.59 41.45
CECJ2001 actual: 8.96 53.92 1.40 35.72
theoretical: 9.04 54.06 1 . 2 2 35.68
T able 4.3. Degree of Aminolysis of Cyanoethylated Cellulosics
Derivatives %Nitrogen
(mmol/g)
Titration
(mmol/g)
DS
(%nitrogen)
DS
(titration)
CECED 7.78 0.99 1.17 0.18
CECNNED 2 . 8 6 1.85 0.29 0.41
CEC13DAP 1.78 1.24 0.19 0.24
CECNNDAP 6.69 1.09 0.83 0 . 2 1
CECJ148 1.91 ------ 0.50
CECJ230 2.37 0.57 0.30 0 . 1 1
CECJ600 1 .2 1 0.33 0.16 0.07
CECJ2001 1.40 0.28 1 . 0 0 0.71
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4.3. Thermal Analysis of CEC Cellulosic Graft Copolymers
The TGA traces of the  CECJ2001 and CECJ600 are  shown in Figure
4.11. The high molecular weight Jeffamine, J2001, increased the thermal 
stability of CEC, significantly. Most probably, this increase in thermal stability 
is due to the ability of the longer side-chain to undergo chain entanglement. 
The lowered thermal stability with the CECJ600 is probably due to the low 
degree of substitution along the cellulose backbone (Table 4.3). The melting 
of the side chain is evident a t 40.0°C along the DTG trace (Figure 4.11). Both 
of the cellulosic graft copolymers, CECJ2001 and  CECJ600, leaves 
significantly more char a t 600 °C than the CEC, starting material.
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Figure 4.11. A comparison of TGA/DTG traces of cellulosic graft copolymers,
CECJ2001 and CECJ600, to the starting material, CEC.
CHAPTER FIVE.
CONE/PLATE VISCOSITY
Cellulose ethers exhibit solution and Theological characteristics similar to 
typical polymers, except the solution behavior is greatly influenced by the 
degree  of substitution and substituent distribution. At sufficiently high degree of 
substitution, DS=1.0, most of the anhydroglucose units along the cellulose 
backbone a re  substituted which alleviates the tendency for chain association 
through hydrogen bonding. S hear thinning occurs at high sh ea r ra tes which 
disentangle polymer chains, thus decreasing the viscosity of the solutions. Most 
polymers are  sh ear thinning. Generally, the thixotrophic effect ap p ears  at a  
deg ree  of substitution, DS=0.7, there still exist a  sufficient am ount of 
unsubstituted anhydroglucose units along the cellulose backbone such that 
w eak associations, such a s  hydrogen bonding can be re-established.
Thixotropy is a  tim e-dependent change in viscosity due to w eak chain 
associations.
The solution behavior associated  with the aminoamide cellulosics and 
diquats (Figure 5 .1 ), is that of sh ea r thinning. S hear thinning is generally seen  
for uniformly substituted cellulose derivatives. As a  general trend, the 
aminoamide cellulosics have a  higher viscosity than the quatem ized 
aminoamides, diquats. This is attributed to the extent of quatem ization. All of 
the solutions are  ~ 2.5% concentrations. Extending the graft do es  not
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increase the viscosity of the cellulosics a s  shown in Figure 5.2. for the 
cellulosic graft copolymers.
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F igure 5.1. Com parison of the Cone/plate viscosity of CMC am inoam ides 
1.11 to th e  Diquats 1.14.
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Figure 5.2. A Comparison of the Cone/ plate viscosity for CMC am inoam ides
1.11, polyquats 1.17, and th e  cellulosic graft copolym ers 3.1.
Similar to carboxyethyl cellulose, th e  derivatives a re  soluble in 1% 
NaOH solution. The Cone and Plate viscosities w ere run on 1% solutions of 
the carboxyethyl aminoamide cellulosics (Figure 5.3). The solution behavior 
associated with the carboxyethyl am inoam ide cellulosics exhibits the  sam e 
shear thinning effect that is seen  with th e  carboxymethy am inoamides.
Similar to CMCJ2001, the  CECJ2001 also  h a s  the lowest viscosity in 
comparison with the other derivatives. Evidently, there is little or no chain 
association due to intermolecular attractions and no remaining crystallinity.
(do) u
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Figure 5.3. Comparison of th e  Cone/plate viscosity of CEC aminoamides 
to the CEC-co-Jeffamines.
CHAPTER SIX.
EXPERIMENTAL
6.1 G eneral Inform ation
Elemental analyses w ere conducted by Oneida R esearch  Services, INC. 
Nuclear Magnetic R esonance (NMR) analyses w ere performed using Bruker
AC100, 200AC and AM400 NMR for and  1 3 c  NMR. Seiko Instruments, 
DSC220C, TG/DTA 220, and DMS200 w ere used  to analyze the thermal 
properties of the derivatives. Infrared spectra were obtained with a  Perkin Elmer
1700X series Fourier transform infrared (FTIR) spectrom eter a t 4  cm"1 
resolution and 10 to 25 scans. Intrinsic Viscosities w ere m easured  by standard  
procedures using a  Ubbelohde dilution viscometer. Cone/plate V iscosities w ere 
m easured  using the Brookfield Viscometer, CP #40. UV-VIS-NIR Scanning 
Spectrom eter w as used to m easure % transmittance and  UV absorbance. The 
Spex Fluorescence Spectrom eter w as used  to analyze the fluorescent intensity. 
A Virtis-Freeze Mobile 12XL w as used  for lyophilization. A Radiometer, PHM82, 
standard  pH meter equipped with a  combination electrode w as used  to monitor 
the pH and conductivity.
6.2 R ea g en ts  an d  Solvents.
The Jeffamines were provided by Texaco Chemical Company. Q uat 188, 
65% solution, w as provided by Dow. Pulverized Kaolin, CAS No. 1332-58-7 
Clay w as provide by the EPK Division of The Feldspar Corporation and
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Thiele Kaolin Co. All other reagents, cetylpyridinium chloride monohydrate 
(CPM), potassium  polyvinylsulfate (PVSK), cyanoethylated cellulose (CEC), 
6 -(p-toluidino)-2 -naphthalenesulfonic acid, potassium  salt (TNS), 8 -aniino-1 - 
naphthalenesulfonic, ammonium salt (ANS), ethylene diamine, N,N 
dimethylethylenediamine, 1,3 diam inopropane, N,N dimethyldiaminopropane, 
N,N'-1,2-dimethylethylene diamine, 1,2 diam inopropane, and  iodom ethane 
were purchased from Aldrich. T h ese  reagen ts w ere used  without further 
purification. Sodium dodecyl sulfate, 99%  (SDS) w as purchased from SIGMA 
and used without further purification. Spectra/Por dialysis tubing with 
molecular weight cut off of 6 -8 , 0 0 0  w as used  for lyophilization.
6.3 Experimental for Chapter One
6.3.1 Preparation of Methyl Carboxymethyl Cellulose (MCMC)
Commercially available sodium carboxymethylcellulose (10.35g) w as 
slurried in 20 ml of dimethyl sulfate for 1 day at room tem perature. The crude 
reaction mixture w as filtered, w ashed with copious am ounts of w ater and 
methanol and dried under vacuum. T he MCMC este r (8.60 g, 83% 
conversion) w as used without further purification in the subsequent 
syntheses. CMC (D20), 8  (ppm): 3.1- 4 .4  (broad, overlapping peaks).
6.3.2 Preparation of Aminoalkylcarbamoylmethyl cellulosics
6.3.2.1 Method One
Methyl carboxymethyl cellulose (1.10 g) was dissolved in excess
RNH(CH2)XNR'R" (20 ml) where R,R\R"= H, CH3  and 0.2 g NH+ 4  Cl" was
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added. The reaction w as heated  from 90-100°C for 1-5 hrs. The reaction 
mixture w as cooled and dialyzed for 3  days with the distilled w ater changed 
daily. The viscous crude mixture w as freeze-dried. The product w as 
redissolved in water, centrifuged, and relyophylized. 1H NMR (D20 )  8 , ppm:
3.25-4.50 (broad peaks of anhydroglucose ring); CMCED 5 ,2 .9 5  (s), 3.05 (t), 
3.30 (t); CMCNNED 5 ,2 .4 5  (s), 2.75 (overlapping triplets);CMC13DAP 5 2.50 
(p) 2.75 (t), 2 .85  (t), 3.10 (t); CMCNNDAP 8 ,2.50(p), 2.70 (s), 2.60 (t), 2.75 
(t), 2 .85 (t), and  3.10 (t). 13C NMR (D20 )  8 , ppm: 70-85 (C2, C3.C4, and  C5 
of anhdroglucose ring); CMCED 8,104.6 (C1 of anhydroglucose ring), 54.6 
(C6  of anhydroglucose ring), 45 .6 ,4 0 .9 ,3 7 .5 , carbonyl (unobserved); 
CMCNNED 8 ,1 0 2 .5  (C1 of anhydroglucose ring), 60.1 (C6  of anhydroglucose 
ring), 56.7, 56.1 ,43 .6 ,43 .2  ,35.9 ,34.4; 177.9 (amide carbonyl); CMC13DAP 6  
105.0 (C1 of anhydroglucose ring), 63.1 (C6  of anhydroglucose ring), 40.9, 
37 .4 ,1 8 0 .8  (carbonyl); CMCNNDAP 8 ,1 0 2 .5  (C1 of anhydroglucose ring),
56.2 (C6  of anhydroglucose ring), 43.9, 39.0, 3 8 .3 ,2 9 .6 ,2 5 .3 ,1 5 .1 ,1 7 7 .8  
(amide carbonyl). FTIR (cm*1), KBr pellets: CMCED, 3413 (s, O-H stretch), 
2928 (w, C-H stretch), 1650 (amide I band, shoulder), 1592 (s, am ide II band), 
1125 and  1061 (vs, C-O-C stretch); CMCNNED, 3436 (s, O-H stretch), 2923 
(w, C-H stretch), 1651 (amide I band, shoulder), 1593 (s,am ide II band), 1113 
and 1061 (s, C-O-C stretch); CMC13DAP, 3410 (s, O-H stretch), 2926 (w, C- 
H stretch), 1650 (amide I band, shoulder), 1591 (s, amide II band), 1112 and 
1060 (s, C-O-C stretch); CMCNNDAP, 3195 (bs, O-H stretch), 2943 (w, C-H
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stretch), 1641 (s, amide band), 1058 (s, C-O-C stretch). The d eg ree  of 
substitution of the CMC salt and the aminoamide cellulosics w as determ ined 
by refluxing the dried derivatives in glacial acetic acid and  conductrimetrically 
titrating with 0.1 N perchloric acid/dioxane solution. The degree of 
substitution and intrinsic viscosity a re  a s  follows: CMC (DS=.70), CMCED 
(DS=.63, meq/g=3.07, ^=1.56), CMCNNED (DS= 57, meq/g=2.&A, ^=3.90), 
CMCNNDAP (DS=.6 6 , me#&=2.81, ii=1.08), CMC12DAP (DS=.37, 
meq/g=2.02) and CMCSED (DS=.35, meq/g=1.88). Elemental analysis: 
CMCNNED, Calculated 41.27%C; 4.65%N; Found 43.14%C; 4.57%N and 
CMCNNDAP, Calculated 43.25%C; 4.93%N; Found 44.09%C; 4.47%N.
6.3.2.2 Method Two
The MCMC was slurried in diamine and  allowed to premixed for 3 days 
at room temperature. The reaction mixtures w ere then allowed to react a t 90 
°C for 1-3 days. The products w ere purified by dialysis for three days with the 
distilled water changed daily. Any undissolved particulates w ere rem oved by 
filtration. The filtered solutions w ere freeze- dried. The degree of substitution 
of the CMC salt and the aminoamide cellulosics w as determ ined by refluxing 
the dried derivatives in glacial acetic acid and  conductrimetrically titrating with 
0.1 N perchloric acid/dioxane solution.
6.3.3 Reaction of Aminoamide Cellulosics with Epichlorohydrin (EPC).
The aminoamides, CMCED, CMCNNED, CMC13DAP, and 
CMCNNDAP, were slurried in 10ml of EPC a t 70 °C, overnight. T he reactions
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were cooled to room tem perature and  w ashed with copious am ounts of 
acetone. The products w ere dried overnight under vacuum. The solubility of 
the derivatives w ere tested  in distilled w ater and 1 % NaOH. None of the 
derivatives w ere soluble in distilled water. The derivatives prepared from 
CMCNNED and CMCNNDAP dissolved in 1% NaOH after 3 days at room 
tem perature. 1H (D20 )  NMR, 5, (ppm): CMCNNED, 3.2-4.5 (broad, 
overlapping peaks of anhydroglucose ring), 3.0-3.5 (m, overlapping), 2.5-2.2 
(t,t overlapping), 2.0 (t), 1.7 (s); CMCNNDAP, 3.2-4.5 (broad, overlapping 
peaks of anhydroglucose ring), 3.0 (t, overlapping peaks), 2.4 (t, overlapping 
peaks), 2.4 (s), 2.1 (s), 1.4. (m, broad).
6.3.4 Standardization of Perchloric Acid/ Dioxane
The titrant (0 .1  N perchloric acid/ dioxane) w as prepared by adding 9 
ml of perchloric acid to dioxane, 1000 ml. The solution w as stored in a  brown 
bottle. A stock solution of KHP w as prepared by dissolving KHP (2.5452g, 
dried a t 120°C, overnight) in 250 ml glacial acetic acid. A 10 ml aliquot of 
KHP w as added  to a  500ml beaker with an  additional 50ml of glacial acetic 
acid. The titration w as carried out with continuous stirring and the millivoltage 
monitored with a  combination electrode connected to a  pH meter.
6.3.5 Determination of the Degree of Substitution
The CMC salt, MCMC ester, and aminoamide cellulosics were dried at 
110°C for 2  days. The dried derivatives w ere suspended  in 75 ml of glacial 
acetic acid in a  round bottom flask equipped with a  stir bar and  a  water cooled
137
condenser and  refluxed for 2.5 hours. The solutions were poured into a  
beaker with an  additional 50 ml of glacial acetic acid. The 400 ml beaker w as 
equipped with a  stir bar and  combination electrode. The solutions were 
titrated with 0 .1 N perchloric acid/ dioxane solution with continuous stirring. 
T h e  change in millivoltage w as recorded off the pH meter.
6.3.6 Preparation of Quaternary Ammonium Salts
To a  25 ml or 50 ml round bottom flask equipped with a  m agnetic stir 
bar, aminoamide cellulosics (Method 2) w ere slurried in iodomethane. The 
solution w ere continuously stirred for three days a t room tem perature. The 
products w ere purified by washing with copious am ounts of acetone and 
drying overnight in a  vacuum oven. T he dried products w ere yellow in color 
and  w ater soluble. The degree  of substitution w as determ ined by titrating with 
SDS and PVSK
6.3.7 Preparation of Diquatemary Ammonium Salts
The aminoamide cellulosics w ere dissolved in 10 ml of a  1% or 10% 
NaOH solution in a  25 ml or 50 ml round bottom flask equipped with a  
m agnetic stirred. Upon dissolution, 10 ml of Q uat 188 w as added  to the 
reaction mixtures and the reaction continued for 3 days at room tem perature. 
The solutions were dialyzed for 3-5 days with the  changing of th e  distilled 
w ater daily. T he purified solutions were lyophilized. The deg ree  of 
substitution w as determined by titrating with SD S and PVSK 1H NMR (D20),
5, (ppm): 3.25-4.5 (anhydroglucose ring, broad, overlapping peaks), DQED,
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4.5 (m, broad), 3.6 (d), 3.5 (d,s overlapping), 3.2 (s,s); DQNNED, 4.5 (m, 
broad), 3 .6  (d), 3.5-3.4 (d,s overlapping), 3.1 (s), 2.9 (s). DQ13DAP, 4.5 (m, 
broad), 3.6 (d), 3.5 (d ,s overlapping), 3.4 (s, three), 1.9 (broad peak), 
DQNNDAP, 4.5(m, broad), 3 .6  (d), 3.4- 3.5 (d,s overlapping), 3.3 (s), 3.2(s),
3.1 (s), 2 .8  (s, two), 1.9 (broad peak).
6.3.8 Preparation of Polyquatemary Ammonium Salts
CMCNNED, (.4396 g) w as dissolved in 10 ml.of dimethylamine (DMA) 
and 1.0 ml of epichlorohydrin (EPC) w as added dropwise. The reaction took 
place in a  three-neck round bottom flask equipped with a  m agnetic stir bar, 
thermometer, and reflux condenser. Upon addition of the EPC, the 
tem perature of the reaction rose initially to 50 °C but then drops to 28 °C. The 
mixture w as reacted overnight; the resultant viscous yellow solution w as 
precipitated in acetone and dried under vacuum. The final product, 
PQ5NNED, (.9733 g) is gelatinous in appearance. 1H NMR (D 20) 5, (ppm):
3.25-4.5 (broad, overlapping peaks of anhydroglucose ring), 3.5 (m, broad),
3.3-3.2 (d,d, broad, overlapping), 2.9-2.8 (d), 2 .6 (s). 13C NMR (D20 )  5 (ppm): 
70- 85 (C2-C6, anhydroglucose ring), 105.1 (C1), 7 0 .3 ,6 9 .3 ,6 3 .5 ,6 2 .1 , 59.4,
56.2, 55 .4 ,45 .9 , 3 7 .4 ,176 .0  (amide carbonyl). Elemental analysis of 
PQ5NNED: Calculated 35.81 %C, 10.58%N; 21.57%CI; Found 35.74%C, 
10.56%N 22.62%CI.
CMCNNED, (.6100 g) w as dissolved in 10 ml of dimethylamine (DMA) 
in a  3-neck, round bottom flask, equipped with a  magnetic stir bar, water-
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cooled condenser, and thermometer. After the tem perature dropped from 50 
°C, the EPC (5 ml) w as added  and tem perature rose to 100°C. After a  few 
minutes the tem perature dropped and the reaction mixture becam e very 
viscous, gelatinous. After an  hour, 50 ml of w ater w as added and the product, 
PQ2NNED, w as precipitated in copious am ounts of acetone, and dried under 
vacuum.
CMCNNDAP (.5356 g) w as dissolved in 10.0 ml of DMA and 5 ml of 
EPC in a  three-neck round bottom flask equipped with a  magnetic stir bar, 
thermometer, and reflux condenser. Upon addition of the EPC, tem perature 
rose to 60 °C and the solution becam e very viscous. An additional 10 ml of 
DMA and 5 ml of EPC w as added  and the reaction w as allowed to proceed for 
2 days. On day three, 5 ml of DMA w as added and the reaction continued at 
room tem perature. On day four, the product w as purified by dialysis for three 
days and lyophilized. The final yield w as 1.4063 g of product, PQ 6 NNDAP.
’H NMR (D20), 8 , (ppm): 3.2-4.5 (broad, overlapping peaks of 
anhydroglucose ring), 4.9 (m, broad, NH), 3.1-3.6 (d,d,s, broad, overlapping),
2.4-2.3 (m), 2.2 (s), 1.5. 13CNMR (D20 ), 8 , (ppm): anhydroglucose ring 
(unobserved), 69.6, 64.3, 55.7 (m, broad), 47 .3 ,165 .2  (amide carbonyl). 
Elemental analysis of PQ 6 NNDAP: Calculated 48.67%C, 9.08%N, 2.30%CI; 
Found 49.61 %C, 8.40%N, 2.36%CI.
CMCNNDAP (.1840g) w as dissolved in 10 ml of dimethylamine (DMA) 
in a  3-neck, round bottom flask, equipped with a  m agnetic stir bar, water-
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cooled condenser, and thermometer. After dissolution, EPC (1 ml) w as added 
and the temperature rose to 75 °C. After a  few minutes the tem perature 
dropped and the reaction mixture becam e very viscous. Added 2 ml of DMA 
and EPC, daily for 3 days and  allowed the reaction to continue while 
maintaining the tem perature betw een 40- 50 °C. The very viscous reaction 
mixture w as dialyzed for 3 days and the freeze- dried; 1.5747g of product, 
PQNNDAP, was obtained. 1H NMR (D20), 5, (ppm): 3.25-4.5 (broad 
overlapping peaks of anhydroglucose ring), 4.9 (s, broad), 3.6-3.4 (d,s,s 
overlapping), 3.3 (s), 3.2 (s).
6.3.9 Standardization of Potassium Polyvinylsulfate (PVSK) and Sodium
Dodecyl Sulfate (SDS)
Stock solutions of cetylpyridinium chloride m onohydrate (CPM),
0.801 Og , potassium polyvinylsulfate (PVSK), 0.0405 g, and sodium dodecyl 
sulfate (SDS), .6837g were prepared by dissolving in 1000 ml of distilled 
water. PVSK (2.50x10*4 M), and SDS (2.37x1 O^M) solutions w ere used  a s  the 
anionic titrants. SDS and PVSK, 25 ml aliquots, w ere standardized by 
2.24x1 O'3 M CPM using two drops of 1 % toluidine blue indicator. The 
transm ittance at 420 nm w as m easured by a  spectrom eter. During the 
titration, the solutions becam e cloudy and coagulated. The color changes 
from blue to purple and at the  endpoint red-wine.
6.3.10 Thermal Analysis
Differential Scanning Calorimetry, DSC. A Seiko DSC 220C w as used 
to analyze the aminoamide cellulosics. The g lass  transition w as observed
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after the  aminomide cellulosics w ere subjected to a  cooling/ heating cycle 
(RT-25°C  -125°C) at 10°C /min. The aminoamides were also subjected to a  
cooling/heating cycle (RT-125°C -500 °C) at a  heating rate of 5°C /min to 
observe any other transitions. Both cooling/heating cycles were carried out in 
a  nitrogen atm osphere.
Thermogravimetric Analysis, TGA. A Seiko TG/DTA 220 w as used  to 
observe the thermal stability of the  aminoamide cellulosics. The derivatives 
w ere subjected to a  two step  analysis. The first heating cycle (RT-130°C) 
dried the  cellulosics and the second step (RT-500°C) was used to observe 
the thermal decomposition. The heating cycles were done at 5°C /min in 
nitrogen.
6.4 Experimental for Chapter Two: Procedure for Flocculation Studies
Pulverized kaolin clay (60.0 g) w as suspended in a  1000 ml of tap 
water. The stock solution is allowed to stand overnight. To a  100 ml 
graduated cylinder, kaolin clay solution w as added and the settling rate, 
sedim ent volume, and supernatant clarity were measured. The param eters 
w ere m easured  after inverting the graduated cylinder 1 2  times to a  180 
d eg rees  and  monitoring the m eniscus. The settling rate(cm/ sec) w as 
determ ined by the amount of time it takes for the meniscus to reach 80 ml. 
The sedim ent volume w as m easured  after allowing the meniscus to settle for 
30 m inutes and  then reading the height of the sediment. The supernatant 
clarity w as determ ined at the end  of the 30 minutes, by measuring the %
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transm ittance a t 420 nm for the liquid above the sedim ent volume. To 
determ ine the effect the flocculating agen t had  on the kaolin clay solution, the 
param eters w ere determined on all experimental runs prior to the addition of 
the flocculating agent. The flocculating agen ts  w ere dissolve in distilled w ater 
and 1-2 ml (10 ‘3 M) aliquots w ere added to the filled graduated cylinders. The 
cylinders w ere inverted 1 2  times at 180 d eg rees and the m eniscus monitored. 
The settling rate, sediment volume, and supernatant clarity w ere determined 
for each  flocculating agent.
6.5 Experimental for Chapter Three
6.5.1 Preparation of Cellulosic Graft Copolymers
The MCMC (1.0g) w as slurried in Jeffamine and allowed to premixed 
for 1-3 days at room tem perature in a  three-neck round bottom flask equipped 
with a  m agnetic stir bar, thermometer, and  reflux condenser. The reactions 
w ere then allowed to react at 90- 100°C for 1day. The products were 
dialyzed for 3 days with daily changing of the distilled w ater and then 
lyophilized. 1H NMR (D20 ) 8  3.1-4.4 ( broad overlapping peaks of 
anhydroglucose ring), CMCJ144, 3.1 (t), 3,6 (triplet overlapping cellulose), 
CMCJ230, 3.5-3.7(multiplet overlapping cellulose), 1.2 (d) 1.1(d); CMCJ600
3.6 (strong singlet) 1.0(d), 1.1(d), CMCJ2001, 3.6 (strong singlet), 1.0-1.2 
(m,d). 13C NMR (D20 )  8 , 70.0-80.0 ( C2,C3,C4,C5 of anhydroglucose ring), 
C M C J144,105.1 (C1 of anhydroglucose ring), 63.0 (C6  of anhydroglucose 
ring), 72.3, 41.9, 41 .5 ,175 .2  (amide carbonyl), 181.0 (ester carbonyl),
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C M C J230,105.1 (C1 of anhydroglucose ring), 50.1, 41.9, 2 0 .0 ,1 9 .0 ,1 8 1 .0  
(ester carbonyl), C M C J600,105.1 (C1 of anhydroglucose ring), 59.9 (C6  of 
anhydroglucose ring), 69.7, 47 .0 ,15 .6 ,14 .9 , CMCJ2001, 75.3, 74.1, 72.3,
69.7, 47 .0 ,14 .9 . FTIR (cm*1), KBr pellets: CMCJ144, 3400 (s, O-H stretch), 
2922 (w, C-H stretch), 1592 (s, amide I band, shoulder), 1110 (s, C-O-C 
stretch); CMCJ230, 3420 (s, O-H stretch), 2932 (C-H stretch), 1592 (s, amide 
I band, shoulder), 1103 (s, C-O-C stretch). CMCJ600, 3431 (s, O-H stretch), 
2873 (vs, C-H stretch), 1597 (s, amide I band, shoulder), 1109 (vs, C-O-C 
stretch); CM CJ2001, 3435 (s, O-H stretch), 2742 and 2883 (vs, C-H stretch), 
1600 (amide I band), 1115 (s, C-O-C stretch).
6.5.2 Preparation of Quatemized Cellulosic Graft Copolymers
To a  25ml or 50ml round bottom flask containing a  m agnetic stir bar, 
the cellulosic graft copolymers were slurried in iodomethane. The reactions 
w ere continuously stirred for three days at room tem perature. The products 
w ere purified by washing with copious amounts of acetone and drying 
overnight in a  vacuum oven. The dried products w ere yellow in color and 
w ater soluble. The degree  of substitution were determ ined by titrating with 
PVSK
6.5.3 Thermal Analysis
Differential Scanning Calorimetry, DSC. A Seiko DSC 220C w as used 
to analyze the aminoamide cellulosics. The aminoam ides w ere also
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subjected to a  cooling/heating cycle (RT-125°C -500 °C) at a  heating rate of 
5°C/min in nitrogen to observe the transitions
Thermogravimetric Analysis, TGA. A Seiko TG/DTA 220 w as used to 
observe the thermal stability of the aminoamide cellulosics. The derivatives 
w ere subjected to a  two step  analysis. The first heating cycle (RT-130°C) 
dried the cellulosics and the second step  (RT-500°C) w as used  to observe 
the thermal decomposition. The heating cycles were done a t 5°C  /min in 
nitrogen.
Dynamic Mechanical Analysis, DMA. A Seiko DMS200 w as used to 
observe the g lass transition tem perature, tan 5, of the graft copolymers and 
blends with nylon. The films of the graft copolymer cellulosics and  blends 
w ere subjected to a  sinusoidal strain or stress. The response  of the sam ples 
w as monitored a s  a  function of frequency.
6.6 Experimental for Chapter Four
6.6.1 Preparation of Aminoalkylcarbamoylethyl Cellulosics
Commercially available cyanoethylated cellulose w as dissolved in 50 
ml of dimethylformamide (DMF) in a  three-neck round bottom flask equipped 
with a  m agnetic stir bar, thermometer, and reflux condenser. Various 
diamines, RNH(CH2)xNR'R,, ( 1 0  ml) w here R,R\R"= H, CH3  w ere added.
The reactions w ere heated  from 95-105°C for 1-5 days. The reaction mixture 
w as cooled and dialyzed for 3 days, distilled w ater changed daily. After 
dialysis any undissolved particulates w ere removed by vacuum  filtration. The
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viscous mixtures were freeze-dried. The products w ere insoluble in water, but 
very soluble in 1% NaOH and slightly soluble in DMSO. 1H NMR (NaOD) 5, 
ppm: CECED, 4.5 (d), 3.9 (d), 3.5 (s, broad), 3.2-3.3 (m), 3.1 (t), 3.0 (t), 2.7 
(t), 2.6 (t), 8.4 (s, amide NH), 8.1 (s, two), CECNNED, 4.5 (d), 3.9 (d), 3.8 (d),
3.5 (s, broad), 3.3 (s), 3.3 (m), 2.6 (t), 2.3 (m), 2.1 (s), 1.6-1.7 (m), 8.4 (s, 
am ide NH), 8.0 (s). CEC13DAP,4.4 (d), 3.9 (d), 3.8 (d) 3.5 (s, broad),3.2 (t),
3.0 (t), 2.0 (s), 2.6 (m), 1.5 (p), 8.4 (s, am ide NH). CECNNDAP, 3.6-4.5 
(broad overlapping peaks), 2.2 (p), 2.4 (t), 2.5 (t), 2.7 (t), 3.3 (t), 8.0 (s), 8.4 (s, 
am ide NH). 13C NMR (NaOD) 5, ppm, CECED, 81.6 (C4), ,78.0 (C2.C3), 76.4 
(C5), 63.3 (C6 ), 106.3 (C1), 42.5, 43.2, 43.6, 45.5, 45.6 45.7,46.4, 167.4 and 
167.5, (imidazoles), 173.8 and 174.0 (amide carbonyls), CECNNED, 81.7 
(C4), 78.0 (C2.C3), 76.5 (C5), 63.3 (C6 ), 106.4 (C1) of anhydroglucose ring, 
58.8, 51.5, 46.6, 41.6, 32.2, 173.7 (amide carbonyl), CEC13DAP, 81.8 (C4),
78.0 (C2.C3), 76.6 (C5), 63.4 (C6 ), and 106.5 (C1) of anhydroglucose ring,
41.6, 41.0, 40.9, 37.5, 35 .3 ,173 .9  (amide carbonyl). CECNNDAP, 81.6 (C4),
78.0 (C2.C3), 76.4 (C5), 68.3 (C6 ),and 106.3 (C1) of anhydroglucose ring 
carbons, 63.4, 60.6, 60.2, 60.0, 48.0, 46.9, 46.4, 40 .7 ,1 2 3 .0  (residual nitrile),
173.9 (amide carbonyl). FTIR (cm’1): CECED, 3401 (s, O-H stretch), 2931 
(w, C-H stretch), 1666 (amide I band), 1576 (amide II band), 1068 and  1025 
(C-O-C stretch). CECNNED, 3430 (O-H stretch), 2931 (C-H stretch), 1661 
(am ide band), 1068 and 1027 (C-O-C stretch). CEC13DAP, 3414 (s, O-H 
stretch), 2921 (w, C-H stretch), 1661 (amide I band), 1591 (amide II band),
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1027 (s,C-O-C stretch). CECNNDAP, 3439 (O-H stretch), 2936 and 2832 (C- 
H stretch), 2252 ( residual nitrile), 1667 (amide I band), 1600 ( amide II band), 
1066 (C-O-C stretch).
6.6.2 Preparation of Cellulosic Graft Copolymers with CEC and 
Jeffamines
Commercially available cyanoethylated cellulose w as dissolved in 50 
ml of dimethylformamide (DMF) in a  three-neck round bottom flask equipped 
with a  m agnetic stir bar, thermometer, and  reflux condenser. Jeffamines (1 0  
ml) w ere added. The reaction w as h ea ted  from 95-105°C for 1-5 days. The 
reaction mixtures were cooled and dialyzed for 3 days, distilled water 
changed daily. After dialysis, any undissolved particulates w ere removed by 
vacuum filtration. The viscous mixtures w ere freeze-dried. The products 
were insoluble in water, but very soluble in 1% NaOH and slightly soluble in 
DMSO. 1H NMR(NaOD), 5, ppm: CECJ148, 3.3-3.9 (m, broad peaks of 
anhydroglucose ring), 4.4 (d, anhdroglucose ring), 3.5 (t), 2.7 (t), 2.2 (d,s), 1.1 
(d), 8.4 (s, amide NH); CECJ230, 3.3- 3.9 (m, broad peaks of 
anhydroglucose), 4.5 (d, of anhydroglucose ring), 2.6(s), 2.5 (d), 2.2 (d), 2.2 
(d), 1.1 (d), 1.0 (d), 8.4 (s, am ide NH); CECJ600, 4.5 (d), 3.9 (d), and 3.8 (d) 
of anhydroglucose ring, 3.7- 3.2 (t, broad peaks), 2.5 (s), 2.2 (t), 2.2 (t), 1.1 
(d), 1.0 (d), 8.4 (s, amide NH); CECJ2001, 3.8-3.3 (broad overlapping peaks),
2.6 (s), 2.5 (s), 1.1 (d, two pairs). 13C NMR (NaOD) 5, ppm: CECJ148, 
81.9(C4), 78.1 (C2.C3), 76.8 (C5), 63.5 (C6 ), 106.6 (C1) of anhydroglucose 
ring, 72.0, 7 5 .0 ,4 2 .5 ,4 6 .3 ,1 7 3 .9  (am ide carbonyl); CECJ230, 81.4 (C4), 77.9
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(C2.C3), 76.3 (C5), 63.2 (C6 ), 106.0 (C1) of anhydroglucose ring, 55.9, 46.3, 
39.4, 20 .9 ,1 7 3 .9  (amide carbonyl); CECJ600, 81.9 (C4), 78.4 (C2), 78.1 (C3),
77.7, 76.7 (C5), 63.5 (C6 ), 106.6 ( C1) of anhydroglucose ring, 72.3, 47.8,
46.3, 39.5, 2 1 .0 ,1 8 .5 ,1 7 3 .9  (amide carbonyl); CECJ2001, 77.8, 76.9, 76.1,
74.7, 72.4, 70.3, 63.1, 47.9, 46.6, 21.1, 18.6, 166.4 (imidazole). FTIR (cm*1): 
CECJ148, 3430 (O-H stretch), 2883 (C-H stretch), 1668 (amide I band), 1532 
(amide II band), 1160 and 1023 (C-O-C stretch); CECJ230, 3431 (O-H 
stretch), 2884 (C-H stretch), 2252 (residual nitrile), 1661 (amide I band), 1158 
and 1067 (C-O-C stretch); CECJ600, 3447 (O-H stretch), 2889 (C-H stretch), 
2252 (residual nitrile), 1656 (amide band), 1066 (C-O-C stretch); CECJ2001, 
3436 (O-H stretch), 2873, (C-H stretch), 1667 (amide I band), 1538 (amide II 
band), 1108 (C-O-C stretch).
’H NMR of CEC ( DMSO/TMS) :8 ,4 .5-2 .5  (broad peaks of 
anhydroglucose ring), 3.7 (two pairs of overlapping triplets), 3.3 (s, H20  
peak), 2.7 ( two pairs of overlapping triplets, broad), 2.5 ( m, DMSO). J148 
(DzO): 8 , 2.5 (s), 2.3 (t), 1.6(t). J230 (D20): 8 , 3.7 (m), 3.5-3.6, 3.4, 3.1 (m, 
broad overlapping peaks), 1.2 (d), 1.1(d). J600 (D20): 8 , 3.6(s), 3.4-3.5 (m, 
broad overlapping peaks), 3.2(m), 3.0 (m), 2.7(t). 1.1 (d), 1.0 (d).
J2001(D 20): 8 , 3.6(s), 3.4-3.5 (m, broad overlapping peaks), 3.2(m), 3.0 (m), 
2.7(t). 1.1 (d), 1.0 (d).
CHAPTER SEVEN.
CONCLUSION
The amidation of methyl carboxymethyl cellulose is a  facile method for 
preparing w ater soluble amino cellulose derivatives. The w ater soluble 
derivatives can be prepared with varying graft lengths a s  dem onstrated by the 
preparation of aminoamide with short chain diamines, carbon 2-3, and  long 
chain diamines, polyoxyalkylene diamines of varying molecular weights, 148- 
2001. The amino functional group is still accessib le for further modification a s  
shown with the quatem ization and  cross- linking reactions. Future work would 
involve attaching drugs or agricultural chem icals to utilize the w ater soluble 
aminoamide cellulosics a s  polymer carriers. The aminoam ides could also  be 
treated a s  macroinitiators for preparing graft copolymers, specifically with amino 
acids.
The preparation of diquats and polyquats on the aminoamide cellulosics 
yielded novel cationic cellulosics with a  high degree of quatem ization. Both 
series of quaternized cellulosics exhibited flocculation activity. However, the 
data  implies that the main criterion for efficient flocculation is that the polymer 
h as  a  high degree of charge spread  out along the chain, rather than a  high 
concentration of charge along grafts. This suggests that perhaps only the 
terminal charges are participating in flocculation and the remaining charge along 
the grafts are shielded from interaction. The quaternized cellulosic graft
148
149
copolymers seem  to improve the flocculation efficiency by extending the charge 
further into the media.
Future work would involve finding the  best method to determine the 
charge density and  studying the solution behavior of the series of charged 
cationic cellulosics with mono-, di- and poly-quaternized substituents. Further 
work would entail analysis of their surfactant behavior and the impact of salts  on 
the solution properties.
The cellulosic graft copolymers a re  also  novel cellulose derivatives. The 
graft cellulosics significantly increased the thermal stability of cellulose. Future 
work would involve checking the compatibility with other thermoplastics in the 
search  for new and  interesting biocom posites. The quatemization showed the 
amino groups to still be accessib le  for further modification, a s  well a s  exhibiting 
flocculation activity with kaolin clay.
Further work would involve the u se  of fluorescence microscopy a s  a  
method of analyzing the cellulosic graft copolymers/ nylon blends. Initial work 
concluded that the amino end groups w ere accessib le to further modification 
with the fluorescent dye, fluorescein isothiocyanate. Unfortunately, excessive 
blocking of the terminal amino group decreased  the solubility of the cellulosic 
graft copolymers in the formic acid. Therefore, smooth films of nylon blends 
could not be cast. The blend films did fluoresce but the undissolved particles in 
the films hindered analysis of the morphology using the microscope.
Aminolysis of cyanoethylated cellulose allowed the carboxyamido linkage 
to be extended by a  methylene carbon. In general, this is not an  effective 
procedure for producing aminoamide derivatives b ecau se  most of the 
substituents are  lost by reverse Michael reactions. Future work would involve 
improving the reaction conditions to control the reverse Michael reaction, a s  well 
a s  focus on the chemical stability observed w hen substituted with the high 
molecular weight Jeffamine 2001. The derivative prepared from Jeffamine 2001 
also increased the thermal stability of cyanoethylated cellulose.
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